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PISTILLARIA (SUBG. PISTILLINA) THAXTERI, 
BURT N. SP.! 


Tue Smattest Known HyMENOMYCETE 


EDWARD ANGUS BURT 
Mycologist and Librerian to the Missouri Botanical Garden 
Associate Professor in the Henry Shaw School of Botany of 
Washington University 

On a recent visit to the Mycological Herbarium of Harvard 
University, I was given for study by Professor Thaxter a 
curious fungus, collected at West Haven, Connecticut, in 1888. 
This fungus is a hymenomycete of very simple structure and 
exceedingly minute size—so minute that the fructifications 
are not visible to the naked eye unless rendered so by special 
illumination and background, as in the case of the dust 
particles of the air becoming visible in a beam of sunlight 
thrown across a darkened room. 

By the aid of a lens the fructifications may be seen scat- 
tered on the surface of very rotten wood, merely gregarious, 
not united into clusters. One hundred and fifteen have been 
counted on an area 2 cm. long by 4 cm. broad. The fructifica- 
tions, after being kept twenty-eight years in the herbarium, are 
whitish to cartridge-buff throughout; each has a subglobose 
head, the pileus supported on a slender stem, and in its form 
suggests the sporangium of a minute myxomycete, such as a 
Physarum. In figs. 1 and 2 are shown two fructifications 
under magnification of 63 diameters; in fig. 1 these fructifica- 
tions were sketched in dry condition, as they were on the 

* Issued January 12, 1917. 
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wood; in fig. 2 the same fructifications are shown after being 
removed from the wood and mounted in water. 

The structure of the fructification is shown by the higher 
magnification of fig. 3. From a layer of hyphae at or near 
the surface of the substratum, hyphae start out together at 
right angles to the substratum and are closely joined in a 
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Pistillaria Thaateri: 1, two fructifications in dried condition 
on wood, X63; 2, the same fructifications in an aqueous mount, 
X63; 3, median longitudinal optical section of a fructification, 
X380; 4, hyphae, showing absence of clamp connections, x 640; 
5, cluster of young basidia, X640; 6, two basidia with sterigmata, 
640; 7, five basidiospores, x 640. 


cylindric column about 60 » long and 20—40 y in diameter in 
the dried specimens, swelling to 25-50, and rarely 80 y, in 
diameter when the specimers are wet, treated with potas- 
sium hydrate or lactic acid, and mounted in microscopical 
preparations. These hyphae are hyaline, thin-walled, about 
13-2 yw in diameter, and not incrusted nor nodose-septate 
(fig. 4). At the outer end of the stem the hyphae pass into 
the pileus which is distinguishable from the stem by its 
obversely conical form, as shown under a magnification of 
380 diameters in fig. 3. The obconical form of the pileus is 
due to repeated branching of its hyphae as they extend 
directly from the stem to the surface of the pileus. The 
manner of branching and of increase in diameter of the pileus 
is shown in figs. 3 and 5. At the outer peripheral end the 
terminal cell of each hyphal branch becomes swollen with pro- 
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toplasmic contents and differentiates into a simple basidium 
somewhat clavate in form, 13-17 4-44 y, when fully mature, 
which bears four spores upon short sterigmata (figs. 5 and 
6). The spores are hyaline, even, slightly flattened on one 
side, pointed at the base, 5-933 uw (fig. 7). No cystidia, 
hairs, or organs other than basidia have been found in the 
hymenium. 

This fungus is remarkable not only for its minute size— 
and it is by far the smallest known species of the toadstool 
kind—but also for its extreme simplicity of structure. A few 
hyphae extend out together in a compact bundle from the 
vegetative mycelium, and at a little distance from the sub- 
stratum simply branch and terminate in basidia bearing the 
usual basidiospores. No additional accessory, supporting, or 
secretory organs of any kind are differentiated, nor is there 
any perceptible differentiation into cortical and medullary 
regions in the fructification, nor any curvature of the fertile 
hyphae so that the basidia will be directed towards special 
cavities or towards the substratum; on the contrary, the 
whole fructification is as simple as a sheaf of wheat. A few 
hyphae stand out together from the substratum — probably 
for mutual support—and produce as simply and direciiy as 
possible their complement of basidia and basidiospores, and 
form both distinct stem and pileus of the simplest possible 
structure. The primordium of the pileus in its ontogeny in 
more highly developed species is not simpler. 

Quelet! published under the name Pistillina hyalina Quelet, 
n. gen. and sp. the description of a fungus closely related to 
the American species which I am describing. P. hyalina is 
ten times as large as our fungus, clearly visible to the naked 
eye, and has elongated, aculeate spores. Quelet’s genus Pis- 
tillina is regarded as a subgenus under Pistillaria of the 
Clavariaceae by Saccardo.? While Pistillina appears to be a 
needed genus for such species as that for which it was founded 
and for the present American species, still the few species 


sen Champ. Jura et Vosges, Suppl. 10, Assoc. Fr. Avance. Sci. 9; 671. pl. 8. f. 12. 


* Syll. Fung. 6; 759. 1888, 
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which would be clearly comprehended by it would be con- 
nected with the usual elongated forms of Pistillaria by some 
intermediate species found in Europe, where the species of 
Pistillaria appear to be more numerous and more frequent 
than in North America. 

The present American species may be characterized ag 
follows: 

Pistillaria (subgen. Pistillina) Thaxteri Burt, n. sp. 

Fructifications gregarious, pileate, erect, drying whitish to 
cartridge-buff; pileus hemispherical, puberulent, attenuated 
at the base into a cylindric stem composed of hyaline, thin- 
walled, even-walled, parallel hyphae about 13-2 y in diameter, 
not nodose-septate, not incrusted; basidia simple, subclavate, 
13-17 x 4-43 y», with four sterigmata; spores hyaline, even, 
flattened on one side, pointed at the base, 5-9<33-4} u; no 
cystidia nor paraphyses. 

Fructification 100-110 » high; pileus 50-110 y in diameter, 
40-50 » long; stem about 60 yw long, 20-50 y, rarely 80 yg, in 
diameter. 

On rotten wood, West Haven, Connecticut, November 7, 
1888, R. Thaxter, type (in Farlow Herb. and Mo. Bot. Gard. 
Herb., 5724). 

The fructifications are but a fraction of the size of those 
of any other species of the genus and not visible to the naked 
eye. 














































A NOTE ON THE ADAPTABILITY OF THE FOLIN 
MICRO-KJELDAHL APPARATUS FOR 
PLANT WORK 


A. R. DAVIS 
Formerly Research Assistant to the Missouri Botanical Garden 


There is frequent need in most botanical laboratories for 
the determination of small amounts of nitrogen. Recourse is 
usually had to the familiar Kjeldahl method—a method, 
however, which proves rather cumbersome for certain types 
of work. 

Within recent years Folin and Farmer! of the Harvard 
Medical School have modified the original Kjeldahl method 
to the end of determining small amounts of urea nitrogen. In 
their investigations they found the method approached the 
original in accuracy, while in economy of material to be 
analyzed, in reagents, and in time for determination, it was 
superior. 

The Folin modification has been given an extended trial in 
this laboratory, and with a few modifications has been found 
admirably adapted to many phases of plant work. It is espe- 
cially good for demonstration of proteolytic changes, since 
the determination of nitrogen in the different protein frac- 
tions can be readily made. The nitrogen content of minute 
plant sections or organs can be determined—as well as the 
effect of light, darkness, nutrition, disease, etc., upon the 
nitrogen content of various plant parts. The method is also 
adapted for work with advanced classes in plant physiology, 
the apparatus being easily set up, and requiring but little 
desk space and no hood; at the same time it is inexpensive 
to install. 

Apparatus.—The essential parts of the apparatus are as 
follows : 

1. Kjeldahl flasks of 100 or 200 cc. capacity; 
2. Folin fume absorbers ;? 
* Folin, O., and Farmer, C. J. A new method for the determination of total 


nitrogen in urine. Jour. Biol. Chem. 11: 493-501. 1912. 
* These can be obtained at most laboratory supply houses. 
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3. Micro-burners; 
4. Ostwald pipettes of 1 and 2 cc. capacity; 
5. Condensers of small size.} 


The fume absorption apparatus consists of two parts: (1) 
a piece of straight glass tubing witk side arms, (2) the fume 
absorber proper. This latter is a 25-cc. pipette, one end of 
which is invaginated into the bulb, the other bent midway at 
a little more than right angles. The invaginated end sits into 
the neck of the digestion flask, while the other end fits into a 
side arm of the glass tubing. The latter, in turn, connects 
to the suction pump, by which the fumes are drawn off. Both 
the Kjeldahl flasks and the tubing are supported in the man- 
ner illustrated in pl. 7. 

In the Folin modification, Jena test-tubes (20025 mm.) 
are used in digestion. In this laboratory the small Kjeldahl 
flask has been found to be better adapted to plant material, 
because of the relatively high percentage of carbohydrates 
present, and the tendency of these to froth. 

The material, if in solution, is added to the digestion flask 
by means of a calibrated Ostwald pipette; if in solid form, as 
plant organs or sections, it is carefully dried and weighed. 
The quantity of material taken for digestion must be deter- 
mined by a preliminary rough analysis, since the method is 
best adapted for amounts of nitrogen between .5 and 5 mg. 
One ce. (more if needed) of chemically pure sulphuric acid 
(conec.) is added to the material to be digested, the amount 
depending upon the quantity of carbon-containing compounds 
present, then 1 gram of potassium sulphate and a drop of 
5 per cent copper sulphate. The contents are heated slowly 
until frothing is over, after which a hotter flame may be 
employed. Sometimes it is necessary to add some solid frag- 
ment to prevent bumping, a bit of unglazed porcelain being 
especially good. Small mica chimneys can be obtained to 
protect the flames from air currents, but lacking these bot- 
tomless beakers may be used. 

Upon completion of digestion the contents of the flask are 
permitted to cool somewhat (the liquid must not become 

* The condensers can be made in the laboratory from glass tubing. 
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solid), then 50 cc. of ammonia-free water carefully added. 
Folin removed the nitrogen by adding saturated NaOH to 
alkalinity, then forcing the ammonia over into standard 
acid with a vigorous air current. While the method is excel- 
lent with the small amount of water used in the Jena tube, 
it does not give good results with the Kjeldahl flask and the 
larger amount of water used there. Distillation is more 
efficient. 

Small condenser tubes were made in the laboratory from 
glass tubing, the outer jacket measuring 402 cm., and the 
inner 5 mm. in diameter. The lower end of this latter, where 
it dipped into the collection acid, was fitted with a larger tube 
14 mm. in diameter—this to prevent back-flow of the acid; to 
the upper end of the inner tube was attached a safety trap 
made from a 10-cc. pipette, which, in turn, fitted into the 
Kjeldahl flask by means of a two-hole rubber stopper. 
Through the second hole of this was inserted a small piece of 
glass tubing closed at the upper end with a bit of rubber tub- 
ing and a pinch clamp, thus making it possible to add the 
alkali after the apparatus had been connected up for distilla- 
tion. The distillation is carried on in the usual way. It is com- 
monly necessary to add a pinch of zine dust to the distilling 
mixture to prevent bumping, while a few drops of liquid par- 
affin will keep down a tendency to froth. The ammonia is col- 
lected in N/20 acid and titrated against alkali of the same 
strength. Alizarin red (Alizarin sulfonsiure Natrium, 
Merck) in .1 per cent aqueous solution gave best satisfaction 
as an indicator. 

Folin has chiefly employed the colorimeter for the actual 
devermination of nitrogen. The method has its distinct ad- 
vantages, especially if the precautions indicated by Folin are 
observed in Nesslerizing. In the absence of a colorimeter, 
however, and because excellent results were always obtained 
in our work by titration, the latter method has been retained. 

The following tables show how the results obtained with 
the ‘‘micro’’-method approximate very closely those gotten 
with larger amounts of material in the original Kjeldahl. The 
illustration is that of an ordinary laboratory experiment 
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showing some of the steps involved in the enzymic hydrolysis 
of albumin. 

Papain (.1 gm.) was added to 200 cc. 2.5 per cent albn- 
min solution, alkalinity reduced to N/250, then incubated at 
40°C. for two hours. Portions were removed and tested both 
with the ‘‘micro’’- and the ‘‘macro’’-Kjeldahl for proteolytic 
change. One cc. was digested with the former, 15 cc. were 
used with the latter. 

















TABLE I 
NITROGEN DETERMINATIONS IN THE HYDROLYSIS OF ALBUMIN 
Micro-Kjeldahl Macro-Kjeldahl 
Nitrogen Albumin | Albumin |Albumin |Albumin |Albumin |Albumin 
fractions +enzyme| +water |+enzyme| +water |+enzyme| +water 
in 1 cc. calc. to 15 cc. in 15 cc. 
mg. mg. mg. , mg. ; 
Total ae. «= 3.80 3.795 57.00 56.925 57.675 57.800 
nitrogen........ -913 3.145 13.695 | 47.175 14.125 48.225 
Phosphotungstate 
EOE Ee 1.397 .472 20.955 7.080 | 21.275 6.925 
Amino acids and 
EERE 1.490 .177 22.35 2.655 22.5025 2.785 























Further comparison is made in the recovery of nitrogen 
from a carefully prepared solution of (NH4)2SO,4. As be- 
fore, 1 cc. of solution was used with the ‘‘micro’’- and 15 ce. 
with the ‘‘macro’’-Kjeldahl. 


TABLE II 


THE RECOVERY OF NITROGEN FROM A SOLUTION OF (NHi):S0, CONTAINING 
3.217 MGS. PER CC. 




















Micro-Kjeldahl, Macro-Kjeldahl 

Exp. 1 cc. solution used 15 cc. solution used 

no. 

Found Calculated for 15 cc. Found 

1 3.13 46-95 47.505 

2 3.12 46.80 48.125 

3 3.17 47.55 46.925 

4 3.185 47.775 45.400 

5 3.192 47.880 47.3925 
Theoretical 3.217 48.255 48.255 








Graduate Laboratory, Missouri Botanical Garden. 
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EXPLANATION OF PLATE 
PLATE 7 
Folin’s micro-Kjeldah] apparatus for the determination of nitrogen. 
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STUDIES IN THE PHYSIOLOGY OF THE FUNGI! 
I. Nrrrocgen Fixation 


B. M. DUGGAR 
Physiologist to the Missouri Botanical Garden, im Charge of Graduate Laboratory 
Professor of Plant Physiology in the Henry Shaw School of Botany of 
Washington University 


anp A. R. DAVIS 
Formerly Research Assistant to the Missouri Botanical Garden 


INTRODUCTION AND CriticaL Review or LITERATURE 


The problem of the fixation of free (atmospheric) or molecu- 
lar nitrogen by the fungi has received attention at the hands 
of no small number of investigators, yet a careful study of 
the literature is sufficient to indicate that much further work 
—with the strictest regards for accurate methods—will be re- 
quired before’ the problem is satisfactorily solved. For rea- 
sons developed later in this paper, we have felt the desir- 
ability of continuing, under different conditions, the investi- 
gations begun by one of us some years ago. 

At the present time there can be no doubt entertained, of 
course, as to the capacity of the legume tubercle bacteria 
(Bacillus radicicola vars.) and certain soil forms (notably 
Azotobacter spp. and Clostridium Pasteurianum) to fix nitro- 
gen. Here the amounts of nitrogen-increase in relatively small 
cultures under favorable conditions are so far above any regu- 
lar experimental errors, and so consistently reported by care- 
ful workers, that the simple question of whether or not there is 
fixation is eliminated. On the other hand, there is much con- 
tradictory evidence as to the fact of nitrogen fixation by 
other bacteria and by the fungi, especially by the moulds and 

* Nore.—About half a dozen investigations are already in progress dealing 
with the physiology of the fungi, and it is proposed to give considerable attention 
to this phase of physiology during the next few years. The investigations would 
include certain aspects of nutrition and enzyme action, growth relations—espe- 
cially the effects of environmental factors—and various phases of the general 
phenomenon of parasitism. On account of the continuity or relationship of many 
of the problems, it has seemed well to group these topics under the general title 


“Studies in the Physiology of the Fungi,” of which the present article is No. 1. 
—B. M. Duaear. 
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other saprophytic species. Even those who report fixation 
for the last-mentioned fungi base their conclusions, in the 
majority of cases, upon amounts which are only questionably 
beyond the possibility of experimental error. The literature 
has been frequently reviewed, but for purposes of discussion 
in this and in forthcoming papers, it has been found well to 
give this detailed consideration. No account of N-fixation by 
bacteria is included. 

The experiments of Jodin (’62) are now interesting merely 
in an historical way. He observed fungi, in an impure culture, 
to grow upon media, ‘‘trés sensiblement exemptes de com- 
posés azotés organique ou mineraux.’’ Employing the 
methods of gas analysis, he found that in a sealed vessel the 
amount of molecular nitrogen used was from 6 to 7 per cent 
of the oxygen consumed. 

Hallier (’67) simply reported that he had often observed 
yeasts growing in a nitrogen-free medium, but he realized the 
necessity of quantitative data in order definitely to deter- 
mine the fact of nitrogen fixation. From observations on the 
growth of mould fungi in nitrogen-containing and nitrogen- 
free media Nageli (’80) concluded that mould fungi are 
unable to assimilate free nitrogen. 

Frank (’92) states that he grew certain forms of Peni- 
cilium upon nutrient media lacking nitrogen and then tested 
the media for the presence of nitrogen, securing a positive 
indication. No quantitative work appears to have been done, 
nor are the quantities of medium employed in either case men- 
tioned. Later he (’93) reported growing Penicillium clado- 
sporioides! (=Hormodendron cladosporioides) during ten 
months in nitrogen-free media containing sugar. A culture 
on 65 ce. of solution is reported to have given a fixation of 
3.5 mg. nitrogen. Insufficient details are furnished regard- 
ing methods employed and the use of controls. 

Using Aspergillus niger and Alternaria tenuis as the basis 
of a test, supplementary to a more complete study of bacteria, 
Berthelot (’93) reported a fixation of 5.8 to 10.0 mg. in the 


1In the discussion of literature the writers have written the names of the 
various organisms just as they are given in the original articles. 
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first-mentioned fungus, and 4.6 to 11.1 mg. in the last-named 
species. This appears to be the total amount fixed after 
growing for a period of months in 600 ce. of Cohn’s solution 
with various sources of carbon. For 100 ce. the nitrogen quan- 
tities would therefore be .97-1.67 and .77-1.85 mg., respec- 
tively. Fixation by Gymnoascus is also mentioned. With 
respect to analytical methods the exact procedure is not given, 
and one might, perhaps, without being too critical, wish to 
have had assurances regarding the purity of cultures, the 
nature of the vessels (‘‘ballons’’) used, and how the sample 
for analysis was taken, especially in view of the following 
remark made in regard to the amount of fixation in one of 
the series with bacteria: ‘‘Ils auraient été sans doute plus 
accusés si la dessiccation des matériaux n’avait pas fini par 
amener la mort des bactéries.’’ 

Puriewitsch (95) used Aspergillus niger and Penicillium 
glaucum in a ‘nutrient salt solution containing also 3 per cent 
tartaric acid, variable amounts of cane sugar, also small 
amounts of ammonium nitrate. He obtained a mean nitrogen 
fixation of 4.51 mg. for Aspergillus, and 3.26 mg. for Penicil- 
lium. It is not stated whether these amounts are calculated 
on the basis of 100 cc. of solution, or whether they were for 
25-50 cc., the quantities which appear to have been used in 
the different cultures. At the same time he reported that the 
amount of fixation increased with the concentration of sugar, 
but did not increase in direct proportion to the increase in 
weight of the mycelium. It is not clear, though quite possible, 
that these results were obtained with pure cultures. More- 
over, since in some of the cultures, at least, dry weight de- 
terminations of the fungous felt were made, the conclusion is 
unavoidable that herein might be a possibility of error. Like- 
wise, the division of some of the experiments into ‘‘(a)’’ and 
‘“*(b)’? suggests that the whole of the solution was not em- 
ployed in the analysis. The results were subsequently criti- 
cized by Czapek (’01) and Heinze (’06) on other grounds. 

The fact that fungi may make an appreciable growth on 
media containing a very low minimum of nitrogen, without 
nitrogen gain, has been pointed out by some investigators, 
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and may adequately explain Fermi’s (’96) statement to the 
effect that he was able to grow certain moulds and yeasts on 
nitrogen-free media without nitrogen fixation. 

Brefeld (’00) determined that cereals and grasses infected 
with species of Ustilago were unable to assimilate free nitro- 
gen, but this type of negative evidence is valueless in the 
present discussion. 

More extensive than any of the earlier work is that reported 
by Saida (’01) who investigated seven species, three of which 
(Phoma Betae, Mucor stolonifer, and Aspergillus niger) give 
nitrogen fixation both with and without the presence of com- 
bined nitrogen in the culture medium, one species (Endococ- 
cus purpurascens) requires the presence of combined nitro- 
gen, and three species give negative results. In most cases 
the fungi were grown on 50 cc. of nutrient salt solutions con- 
taining dextrose or cane sugar, the source of nitrogen being 
a small quantity of (NH.s)2SO. or of (NH4)2COs. In none 
of the four species except Phoma Betae is the amount of fixa- 
tion more than about 2 mg. (.8871-2.0699 mg.). Fixation 
(varying from 1.1828 to 10.536 mg.) in P. Betae rises some- 
what in relation to sugar content of the medium, although 
maximum fixation occurs in sugar beet decoction plus sugar. 
The exact method of handling the cultures is not described, 
but with the exception of possibilities mentioned later, the 
work seems to be above criticism. 

Czapek (’01) states that Aspergillus niger does not fix free 
nitrogen. Later, as a result of numerous experiments on 
nitrogen-containing media Czapek (’02) again reports no 
fixation for this species. He declares that the work of Purie- 
witsch and Saida requires confirmation. 

Studying the effects of a yeast and a mould on the nitro- 
gen fixation of Azotobacter, Gerlach and Vogel (’03) con- 
clude from analyses of the control cultures, in which each of 
these organisms was grown alone, that neither of the former 
fungi are capable of utilizing atmospheric nitrogen. 

Koch (’03) was unable to demonstrate any nitrogen fixa- 
tion for Aspergillus niger in a few preliminary experiments. 
He draws attention, however, to an experiment made by 
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Hiltner from which it would appear that Lolium temulentum 
(inhabited by an associated fungus) thrives equally well in 
quartz sand with or without nitrogen as fertilizer, while the 
fungus-free Loliwm italicum develops much better when the 
quartz sand is fertilized with nitrogen than when the sub- 
stratum is without such fertilization. 

In the first experiments reported by Ternetz (’04) with the 
fungus isolated from the roots of certain Ericaceae, and later 
designated Phoma radicis vars., very slight nitrogen fixation 
was found. In 100-150 cc. of nutrient solutions containing 
dextrose .6-3.85 mg. represent the range of fixation. 

Stimulated by the work of Saida and others, Heinze (’06) 
reports a detailed repetition of the work of Saida (’01) and 
Puriewitsch (’95), employing to a considerable extent the 
same organisms and the same solutions. The work seems to 
have been unusually extensive, but since it was in every case 
negative, no details are published. Heinze was apparently 
inclined in 1903 to consider the possibility that yeasts in cer- 
tain stages may fix nitrogen, since he states (see review of 
Schulze’s work by Heinze, Centralbl. f. Bakt. IT. 10: p. 675): 
‘‘Schliesslich deuten mancherlei Beobachtungen der Ref. 
darauf hin, dass man auch event. bei den Hefen—und zwar in 
statu sporulandi—méglicherweise gerade bei den Vorgangen, 
bei denen die Spore nach Hansen wiederum zum Sporangium 
wird, mit gewissen mehr oder weniger stark ausgepragten 
N-Assimilationsvorgingen zu rechnen hat.’? This earlier 
statement is apparently the basis of Lipman’s (’11—’12, see 
p. 173) reference to Heinze’s work. 

Through pot experiments with seedlings of Pinus montana 
with and without mycorhiza, Mdller (’06) concluded that the 
fungus associated with the roots of this species is unable to 
supply the host with nitrogen accruing as a result of fixation. 

In continuation of her earlier work Ternetz (’07) has 
secured data of special interest, with reference to fixation, for 
- Phoma radicis vars., likewise in a comparative way for a few 
other fungi and bacteria. The utmost care seems to have 
been observed with respect to the purity of materials, the use 
of necessary Ulanks in the analyses, and of controls in the 
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experiments. Cultivated during a period of 28 days on 50 ee, 
of nutrient solution the 5 races of Phoma radicis gave a nitro- 
gen fixation ranging from 2.3 mg. in the lowest to 15.7 mg. in 
the highest. For Aspergillus niger and Penicillium glaucum 
the fixation was 1.9 and 2.8 mg., respectively. The usual high 
fixation was secured with Azotobacter chroococcum and Clos- 
tridium pastorianum. In spite of the fact that the methods 
employed are those generally recognized as unimpeachable, 
still attention should be drawn to the fact that in such cases 
as those of Aspergillus and Penicillium, where the fixation is 
only about 2 mg., the technique employed must be subjected 
to the closest scrutiny. It is noted that the felt was separated 
from the culture solution in the usual way, and further that 
the solution was then made up to the original volume (a pro- 
cedure of vital importance when aliquot parts of the solution 
serve for analysis, and one seldom mentioned). Then from 
one-sixteenth to one-fourth, depending upon the amount of 
sugar present, of the total solution was taken for the analysis. 
In this way any small experimental error involved would have 
been multiplied 4-16 times. 

Equally satisfactory in respect to method is the work of 
Froehlich (’08). Here again the methods are described in 
sufficient detail so that one is not left in doubt as to import- 
ant parts of the technique. The organisms used lend a par- 
ticular interest to the work, inasmuch as they were isolated 
from dead and decaying plant material and are fungi gener- 
ally considered important in the decay of vegetation. Those 
selected consist of one species from each of four common 
genera. All were found to fix nitrogen to a slight degree, 
averaging as follows: Alternaria 3.34, Macrosporium 3.70, 
Cladosporium 2.26, and Hormodendron 1.93 mg. Many sub- 
sidiary experiments of interest are included. 

Zikes (’09) conducted extensive experiments to determine 
the free nitrogen relations of a yeast-like organism isolated 
from the leaves of laurel and called by him Torula Wiesneri, 
which he cultivated on flasks containing 300 cc. of culture 
fluid. He employed the Dumas method of analysis, filtered off 
the fluid from the yeast cells, and made separate determina- 
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tions. He reports a fixation of 5.1-6.5 mg. per liter, .51-.61 
per 100 ce. of culture solution, which, however, he regards as 
satisfactory positive evidence. 

No investigator has obtained figures comparable to those 
of Latham (’09). This work was well conceived and ar- 
ranged with a view to determining the effect of zinc sulphate 
on the nitrogen fixation of Sterigmatocystis nigra (Asper- 
gillus niger) abundantly supplied with combined nitrogen.* 
The results published exhibit a variation ranging from a 
nitrogen loss of 42.5 mg. to a fixation of 205.1 mg. per culture, 
on 50 cc. of medium. In view of all the earlier and later 
studies made on fixation by this fungus, granting at the same 
time, of course, possible differences in strains, it can only be 
surmised, perhaps, that miscalculations are accountable for 
these unusual results. It would appear that in making the 
analyses she employed aliquot parts of the culture solution, 
and likewise divided the felt. Such a procedure, however, 
only suggests possibilities and cannot explain the results. In 
the case of maximum fixation, 677.3 mg. of nitrogen are re- 
ported fixed in felt and solution per gram of dry felt pro- 
duced. This is an amount incomparably greater than any- 
thing elsewhere obtained. 

Duggar and Knudson (’11) reported only by abstract upon 
extensive series of experiments in which Aspergillus niger, 
Trichoderma lignorum (erroneously given as T. lignicola), 
and several species of Basidiomycetes were employed. Var- 
ious nutrient media were used, including synthetic nutrient 
solutions, leaf decoctions, and decayed leaves ground to a 
fine powder. None of the cultures showed a difference in the 
N-content over the controls sufficient to indicate fixation, 
whether with or without combined nitrogen. It may be stated 
that this work was not published in detail by reason of the 
uniformly negative results. It was intended to pursue the 
work further using ground leaf mould and similar materials 
as nutrient media, but difficulties in obtaining uniform samples 

* The nutrient salt solution employed was the well-known Richards’ solution 
consisting of NH,NOs 1 gm., KHoPO, 0.5 gm., MgSOy 0.25 gm., FeCl trace, 


and sugar 5 gm., except that the amount of the nitrate in the different series 
varied from 115.4 to 160.3 mg. per culture, or 50 ce. of solution. 
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for analysis on such media were almost insuperable. The de- 
sirability of growing the Basidiomycetes on solid media was 
obvious, but under such circumstances it would have been 
necessary for greatest accuracy either to analyze the entire 
contents of such bulky cultures or to take account of change 
in weight of materials due to loss of COz and H20 produced 
in respiration. 

Lohnis (710) seems to report having found N-fixation in 
Torula, but his work was neither extensive nor reported in 
such way as to give the details of the methods employed. 

Pennington (’11) worked with two species of Penicillium, 
two species of Fusarium, Aspergillus niger, and Alternaria 
sp. A variety of experiments was arranged in liter flasks 
containing 100 cc. of solution. Employing accepted methods 
he obtained no nitrogen fixation in a first series of experi- 
ments, although there was some growth on media practically 
without nitrogen, that is, with scarcely perceptible amounts, 
due, he believes, to impurities in the dextrose employed. In 
another extensive series no differences between the flasks con- 
taining the moulds and the controls were sufficient to indicate 
fixation. In one case Penicilliwm gave an apparent fixation 
of .88 mg. In considerable part his work was planned to con- 
firm or disprove that of Latham (’09). The results are 
therefore peculiarly interesting, especially as he has ap- 
parently observed great care to eliminate all possibilities of 
error, and in advance thoroughly tested his ability to deter- 
mine the nitrogen content of the cultures accurately. 

Medisch (’10) observed some growth of the fungus Hypo- 
crea rufa in solutions to which no nitrogen was added. He 
reports a gain of 1.05-2.45 mg. nitrogen in 50 ce. distilled 
water. This preliminary experiment was followed by others 
in which, under purified air, the organism was grown on var- — 
ious culture solutions. These included solutions containing no 
nitrogen, nitrogen as ‘‘potassium humate,’’ and as NH4NOs. 
The results indicate that, whereas in the first case, with nitro- 
gen present only as an impurity, the fixation was 1.74-3.23 
mg. in 100 ce., in the humate solution the gain was 3.15-4.61 
mg., and in the solution containing NH.NO; the gain was 
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9.45-8.06 mg. He considers these quantities as possibly within 
the limit of experimental error. Unfortunately, various de- 
tails regarding the handling of cultures and the methods of 
analysis are omitted. 


Lipman (’11-’12) made an extended study of the relation 
of certain yeasts and fungi to nitrogen fixation, employing 
7 species of yeast, 5 pseudo yeasts, and Mycoderma, also 
Aspergillus niger, Penicillium glaucum, and Botrytis cmerea. 
In the first extensive series, omitting the moulds, there was 
a slight gain of nitrogen in practically all cases, but only in 
a single case, a pseudo yeast, was this more than 1.0 mg. In 
a second series 9 out of 15 forms gave a gain of 1.05-2.28 mg., 
while 6 forms yielded less than 1 mg. increase of nitrogen. In 
the final series, which includes the fungi, the yeasts exhibited 
gains of .07-3.78 mg., while the fungi ranged from .05 to 2.38 
mg. 

Preliminary to her studies in nitrogen fixation Stahel (’11) 
made an extensive trial of fungi on media low in nitrogen. 
She isolated 54 species, largely from decaying vegetation, and 
then grew these on various media, including silica jelly with- 
out combined nitrogen. Five species were found to grow well 
on the last-named medium, while 22 made some growth. In 
the studies regarding N-fixation it is determined that the 5 
species which grew on nitrogen-free media are capable of fixa- 
tion, likewise 4 of the organisms from the group growing in- 
differently also possess this capacity. The method of hand- 
ling the flasks is not given in detail, but it appears that the 
mycelium was filtered off from the solution and separate 
analyses made. The fungi were grown on 200 ce. of nutrient 
solution, and, in general, the amount of fixation was related 
to the initial nitrogen content. While the method suggests 
some possibilities for error, yet in some cases the amount of 
fixation is certainly well above the usual experimental errors. 
It is to be noted, however, that the following amounts repre- 
sent questionable fixation: Aspergillus 41 mg., Penicillium 
00 mg., Botrytis 46 mg., Melanoma .46 mg., Epicoccum .41 
mg., Bispora .61-1.44 mg.; while the following give higher re- 
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sults: Alternaria 1.02-5.55 mg., Hormodendron .36-5.0 mg,, 
Macrosporium .23-5.91 mg. 

Experiments conducted by Kossowicz (’12) which seemed 
to suggest N-fixation in the case of certain species of Sac- 
charomyces, Monilia candida, and Oidium lactis were subse- 
quently repeated by him (’14) under more nearly standard 
control conditions. The results were interpreted as entirely 
negative. Besides the organisms previously employed, he 
used also Aspergillus niger, A. glaucus, Penicillium glaucum, 
P. brevicaule, and a species of each of the following, Botrytis, 
Mucor, and Isaria. 

Will (’12), reporting work of Scheckenbach, declared the 
capacity of certain species of Torula to grow upon nutrient 
media lacking nitrogen, likewise to fix atmospheric nitrogen 
when little or no combined nitrogen was supplied. There is, 
however, with the experiments reported, little evidence that 
sufficient precautions were taken in the arrangement of suit- 
able controls. 

The capacity of Blastoderma salminicolor, Torula sp., and 
‘*pastorianus’’ yeast to fix nitrogen has been mentioned by 
Lindner (’12),! but to what extent this work was quantita- 
tively executed cannot be determined from the data at hand. 

Goddard’s (713) investigations parallel those of Froehlich, 
Stahel, and, to a certain extent, those of Ternetz. He isolated 
15 species of fungi from the soil, and tested each of these with 
respect to nitrogen fixation, grown on 50 cc. of a culture solu- 
tion comparable to the nutrient media employed by other in- 
vestigators. Every possible precaution seems to have been 
taken to insure accuracy. The fungi were grown 48-70 days. 
With no organism in any series were there indications of con- 
sistent gains over the initial nitrogen content. Species of 
Aspergillus and Penicillium were included in these studies. 

In connection with his investigations of mycorhiza problems, 
Peklo (’13) isolated 3 species of fungi, 2 being species of 
Penicillium, and one an indetermined form. Each of these 
was grown on Winogradski’s solution plus dextrose for 1-2 


The reference given appears to be an abstract of a more extensive report 
which is at present unavailable. 
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months. For each species he claims positive results, the fixa- 
tion ranging from 0.8575 mg. in the lowest to 1.8615 mg. in 
the highest, per 100 cc. of solution. The inference seems to 
be that in each case a single inoculated culture or a single con- 
trol was usually employed. It is of interest to note that 
aside from the few analyses made, the fungous felt and the 
solution were separately analyzed. 

Traaen (’14) made no quantitative studies to determine N- 
fixation, but he observed the growth of 4 fungi on media prac- 
tically nitrogen-free, and as a result of the very weak growth 
he came to the conclusion that under the conditions they could 
not possibly utilize atmospheric nitrogen. 

Using strains of Aspergillus niger and Penicillium glaucum, 
Chambers (’16) was unable to demonstrate any N-fixation. 
He employed Folin’s micro-Kjeldahl method, growing the 
organisms in long Jena test-tubes and making the determina- 
tions without ‘transfer of any portion of the culture. 


METHODS 


The organisms used in this work were Aspergillus niger, a 
strain long employed in various physiological experiments in 
this laboratory; a species of Penicillium, isolated from leaves 
and corresponding closely to Thom’s idea of P. expansum; 
P. digitatum, isolated from a decaying orange; Macrosporium 
commune,! isolated from dried grass culms; Phoma Betae, a 
culture obtained through the kindness of Mr. E. C. Rittue, Los 
Angeles, California; and for comparison three forms of Azoto- 
bacter, as follows, all three being furnished by Dr. J. G. Lip- 
man, A, vinelandii, A. chroococcum (from Kansas soil), and 
A, chroococcum (from Colorado soil). 

Except as to the source of nitrogen and carbon, there has 
been no great dissimilarity in the mineral nutrient solutions 
employed by European investigators. The Cohn solution or 
a modification of it has been the basis of much of the foreign 
work. We wished to have some of our experiments follow 
fairly closely the work of Saida, therefore we have used in 


* The morphological and cultural characters of this organism will be described 
in @ subsequent paper. 
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some of the experiments (series 1A-4A, table 1) his solution as 
regards concentration of mineral nutrients. It is as follows: 


KH2PO, 4 gram 
row ; Ss ve This is designated solution A. 
H.O 100 ce. 


To this has been added (NH4)2SOx or asparagin as a source 
of nitrogen, and dextrose or saccharose as a source of carbon. 
In most of the work, however (series 5B-15B, 17B-22B, 
table 1), it has seemed well to use a modification of the formula 
known as Richards’ solution, used especially by Miss Latham 
in securing the extraordinary results to be referred to later. 
The modification consists merely in varying the sources and 
amounts of nitrogen and carbon furnished, these last being 
the same as employed with ‘‘solution A’’ above. 

The Richards’ solution consisted of : 


KH2PO, 5 gram 
—" 25 arene, | This is designated solution B. 
H20 100 ce. 


Stock solutions of each constituent were made up of appro- 
priate strength, usually such that an equal quantity of each 
was required for any culture. 

For Glomerella Gossypii a modification of the Uschinsky 
solution, as indicated in table 1, was employed, since this had 
been found satisfactory for this organism through other 
workers in the laboratory. For the various strains of Azoto- 
bacter a soil-compost extract containing mannite was em- 
ployed. Three hundred gm. of potting soil and 100 gm. of well- 
fermented compost were each extracted for 2 hours with 1 
liter of water, then filtered, and the filtrates combined. To 
the mixed extract was added for each 100 cc. the following con- 
stituents: KeHPO, .05 gm., CaCO; 1 gm., and mannite 5.0 gm. 

Kjeldahl flasks of 500 cc. capacity were used as culture ves- 
sels in all cases, and into each were placed 50 cc. of the solution 
required.! The idea of using the Kjeldahl flasks for the cul- 


* In the bacterial cultures 100 cc. of solution were employed. . 
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tures enabled us to make the nitrogen determinations of both 
inoculated and uninoculated flasks from the entire contents of 
the flasks, therefore to dispense entirely with any transfers of 
culture solution or fungous felt, and to avoid the possibility 
of errors thus ensuing. 

All glassware was cleaned by standard methods; nitrogen- 
free double distilled water was used; and Merck’s reagents. 
Every experiment was set up in triplicate, also with three 
controls; that is, for every series in which a different fungus, 
a different amount or source of nitrogen or of carbon was 
used, there were 6 cultures, 3 of which were inoculated and 
incubated, while the remaining 3 were inoculated, autoclaved 
to kill the spores (since they served as controls), and were 
then incubated with the others. 

The inoculations were made from cultures on potato agar, 
fresh cultures only being employed as a source of spores or 
mycelium. The inoculation procedure was as follows for those 
forms producing spores: Numerous spores were transferred 
to a flask containing 100 cc. sterile H2O. This was agitated 
until there was an evident spore suspension, and this then 
pipetted out with a sterile pipette into a second sterile flask. 
From this last flask 1-cc. portions were transferred with sterile 
pipettes to each flask in the series. The controls were then 
autoclaved for 15 minutes at 15 pounds pressure. That the 
method was entirely satisfactory is shown by the fact that 
there was only a single case of contamination in all the series 
employed and no case of growth in any of the controls. Sim- 
ilarly, in the inoculation of the series with Azotobacter, loops 
of the organism were diffused in sterile water, then }-ce. 
portions were placed in each flask by means of a sterile grad- 
uated pipette. All transfers were made with the greatest pre- 
caution in a steamed transfer room. In the case of Phoma 
Betae, where no spores were produced, small masses of hyphae 
of approximately equal size were inserted into each flask. 

Repeated tests have shown that in the incubator rooms for 
the length of time which these experiments were permitted to 
run there is no detectable amount of combined nitrogen ab- 
sorbed by flasks of the culture solution or by flasks of dis- 
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tilled water. Both from this fact and further from the 
nature of the controls it was unnecessary to place the cultures 
in a chamber arranged to protect against combined nitrogen. 

The data presented in this paper on the determination of 
nitrogen were obtained either with the Kjeldahl-Gunning 
method,—using mercury in addition to potassium sulphate,— 
or, where nitrates were involved, with the Forster modifica- 
tion of the method mentioned. In some preliminary work an 
extended attempt was made to utilize the Folin micro-Kjel- 
dahl apparatus, but that proved inapplicable to the present 
work for the following reason: The amount of culture solution 
which it is possible to use with this method is small, and doubt- 
less would be too small to yield convincing results in view of 
the present confusion regarding the question of nitrogen fixa- 
tion in the fungi. In the light of the results obtained by Purie- 
witsch, Saida, and others, all of whom used from 50 to 100 ce. 
of culture solution, it seemed essential to employ the ‘‘macro’’ 
method and to deal with cultures as large as practicable. 

In the pioneer work of Jodin (’62) gas analysis methods 
were employed for the determination of nitrogen fixation, 
therefore through the indirect method of nitrogen loss in the 
culture chamber. Since that time all the work which may 
claim a right to be considered quantitative has been made 
with the Kjeldahl method, or with some modification of it, 
usually the Gunning. That this method is sufficiently accurate 
to detect any amount of fixation worthy of the name is evident, 
since an experienced analyst can usually secure results 
which often check to within .2 mg. However, if one does not 
observe all possible precautions, errors may creep in which 
will yield widely varying results. Chief among these possi- 
bilities in the problem of nitrogen fixation are the following: 

1. Impure chemicals. 

2. Accuracy of standard acid and alkali. 

3. Indicator. 

4. Completeness of digestion and distillation. 

5. Loss of nitrogen in the transfer of the culture material, 
or felt, from one flask to another. 
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6. Multiplication of the experimental error through taking 
an aliquot part of the fungous mat or culture solution and 
upon the determination from this basing a calculation for the 
whole. 

7. Inadequate controls. 

Analyzed chemicals may be obtained always, but these 
should be checked by running blank experiments. Standard 
acids and alkalis should be checked up by at least two methods. 
Nevertheless, slight discrepancy in the standard affects the 
actual rather than the relative analytical results, provided the 
same solutions are used for the nitrogen determinations 
whether they grow the fungus or are used as controls. Certain 
indicators have, in the presence of ammonia, what might be 
called a ‘‘running’’ end-point; that is, the color change occurs 
through a fairly wide range of H-ion concentration. After 
trying several indicators for this work alizarin red (Alizarin 
sulfonsaure Natrium, Merck) and cochineal were found to give 
the best satisfaction. The former in .1 per cent aqueous solu- 
tion was used. 


The error due to incomplete digestion or distillation, while 
easily guarded against, may sometimes occur, if care is not 
observed. It was the practice here to continue the digestion 
15 minutes after the mixture had become colorless. A full 
hour was given to distillation, since this interval proved en- 
tirely sufficient as shown by tests from time to time. 

In the critical review of literature it has been emphasized 
that many of those investigators reporting nitrogen fixation 
for the fungi have limited their nitrogen determinations to 
aliquot portions of the culture solution. The total nitrogen 
was then calculated. Summarizing some of the points to 
which attention should be drawn, it is found that Puriewitsch 
(95), Saida (’01), Ternetz (’07), and Froehlich (’08) all 
filtered the solution from the fungous mat, determined the 
nitrogen from a portion of the solution, and calculated for the 
whole solution. The mat nitrogen was determined separately. 
Stahel (’11), Peklo (’13), and others, after separating solu- 
tion from fungous felt, evaporated the culture medium to 
small bulk (following the addition of acid) and determined the 
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total nitrogen. To this was added the amount of nitrogen 
found in the felt. Lipman (’11-’12) did not separate the mat 
from the medium, but transferred the whole to a digestion 
flask, and later to a distilling flask, determining the total nitro- 
gen in one lot. All the cases cited above involved one or more 
transfers of material, since the fungi were usually grown in 
Erlenmeyer flasks or similar receptacles, and the contents 
filtered or transferred before digestion, thence usually a sec- 
ond transfer to a distilling flask. It was with the end in view 
of eliminating the possibility of error in this direction that 
the method already described was employed, i. e., of growing, 
digesting, and distilling in the same flask and without transfer. 

Where the digestion of nitrates was involved in the culture 
solution, the previous investigators have used, almost with- 
out exception, the Gunning-Jodlbauer method—phenol or 
salicylic acid and zine dust being employed for the reduc- 
tion of nitrates. In our work the Forster modification was 
employed, since certain workers have found difficulty in ob- 
taining all the nitrate by the former method. Indeed, it was 
this difficulty which first led Forster to use sodium thio- 
sulphate as a reducing agent. If all nitrates are not reduced 
a serious error is, of course, involved, one which, moreover, 
makes for a difference between controls and inoculated flasks. 
The results may be presumably correct for the converted or 
assimilated nitrogen of the mycelium (or products excreted 
therefrom), low figures resulting for the nitrate of the cul- 
ture media. If an error were present, then, it would be 
related somewhat closely to total growth or to sugar consump- 
tion, factors determining nitrate consumption. It is equally 
true that the capacity to fix nitrogen by a fungus, if possible, 
might also be related to the capacity for growth under the 
particular conditions. 

In the use of the Férster method at first certain difficulties 
were experienced. In preliminary work the recovery of 
nitrogen from a water solution of KNOs was easily accom- 
plished within experimental error. When, however, a nitrate 
was added to a soil, compost, or plant tissue decoction the 
results were invariably low. It was found necessary to add 
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more sodium thiosulphate (3 gm. instead of 2) and to allow 
10-15 minutes after its apparent decomposition had taken 
place before digestion was continued. This illustrates the 
possibility of error in a method that is not thoroughly tested 
in connection with the peculiar conditions at hand. 

No difficulty was experienced in obtaining results with the 
Gunning-Kjeldahl modification that checked within experi- 
mental error. Some trouble, through frothing, will be ex- 
perienced in the actual digestion, however, where the culture 
media are high in sugars. This may be overcome by boiling 
(after adding 15 ce. of concentrated sulphuric acid) slowly 
for an hour or more, then adding more acid together with 
15 gm. of potassium sulphate and 1 gm. of mercury. In 
our work it became necessary at times to add a third lot of 
15 ec. acid—the same amount being always added to both 
fungus-containing flasks and controls. 

Distillation was carried out through block tin tubes which 
had been in use sufficiently long to obviate the possibility of 
error through absorption of ammonia—a point observed with 
new tin by several investigators. The standard acid and 
alkali were restandardized at short intervals. The same lot 
of chemicals was always used throughout a single series to 
insure parallel treatment with both fungus-containing flasks 
and controls. 


EXPERIMENTAL RESULTS AND DIscUSSION 


The results of our experiments are presented in some de- 
tail in table 1. It is necessary to note that while the quantities 
given in column v were obtained by careful weighings, they 
represent only approximately the quantities present in the 
solution as determined by analysis (see columns vi and vm). 
In any series the controls are as nearly perfect as we were 
able to arrange, that is, the solutions in all the flasks in any 
one series were taken from a single vessel of the culture 
medium, the complete mixing of the different constituents in 
the culture solution being given special attention. In column 
1 the letters A and B given in connection with the series num- 
bers refer to the two nutrient salt solutions employed as de- 
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scribed on page 424. Where no letters are given there are 
sufficient indications in column v to identify the culture 
medium employed. Data for all of the flasks analyzed are 
included in the table in order that the extent of the experi- 
mental error may appear just as well as the average of the 
determinations made. 














TABLE I 
NITROGEN FIXATION IN CERTAIN FUNGI AND BACTERIA 
I II Ill} IV Vv VI VII VIII 
"a PB vn N in Saaes  & Dif. = 
1 os of N containing} control flasks, N-fixa- 
- Organism a = and C supplied, fungi, mg. mg. tion 
days per cent Comp. | Aver- | Comp. | Aver- 
data age data age | ™& 
1A |Aspergill 30} 30} .7 asparagin | 62.510 62.510 
mtger..... 3.6 dextrose | 62.545 | 62.732| 62.335 | 62.382} .350 
63.140 62.300 
2A |A. niger.....| 30} 30 7 asparagin | 61.215 61.915 
1.8 dextrose | 61.985 | 61.915] 59.710 | 61.180} .735 
62.545 61.915 
3A |A. miger....| 30| 30] .014 2.135 2.310 
10.8 1.925 | 1.960} 1.995 | 2.018) —.058 
1.820 1.750 
4A |A. miger..... 30} 30} .7 asparagin | 60.305 60.375 
18.2 dextrose | 59.955 | 60.083] 60.585 | 60.488 | —.405 
59.990 
SB A. miger.....| 30) 30) .014 (NH.):SO.| 1.435 1.470 
3.6 dextrose 1.575 | 1.470} 1.505 | 1.470};-——— 
1.400 1.435 
6B |A. miger..... 30130) .7 (NH,)sSO.| 70.385 70.490 
18.2 dextrose | 70.420 | 70.417] 70.490 | 70.547 | —.130 
70.455 70.560 
7B |A. miger.....| 30) 30| .014 (NH):SO.| 1.715 1.680 
18.2 dextrose 1.715 | 1.715 oie 1.715 | ——— 
8B |Macrospo- | 25|30| .014 (NH,):SO.| 2.030 1.925 
rium com- 18.2 dextrose 2.153 | 2.091} 2.065 | 1.995) .097 
MUNe..... 1,995 
9B |M. commune) 30| 7| .7 (NH,)sSO.| 70.385 70.420 
18.2 dextrose | 70.420 | 70.373) 70.560 | 70.548 | —.175 
70.315 70.665 
10B |M. commune 30| 7| .014 (NHs):SO.| 1.755 2.065 
18.2 dextrose 1.890 | 1.810] 2.205 | 2.065| —.255 
1.785 1.925 
11B |M. commune 25| 30| .0035(NH,):SOJ .613 858 
18.2 dextrose yo 712 or .747 | —.035 
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TABLE I (Continued) 
NITROGEN FIXATION IN CERTAIN FUNGI AND BACTERIA 






































I II III} IV V VI VII VIII 
Per. containing| control flasks, tba 
Sources of N ; N-fixa- 
Ser! Organism ee of | and C supplied, |__fne! me. = tion 
m0. ie per cent Comp. | Aver- | Comp. | Aver- 
data age data age eal 
12B | Penicillium | 30} 42) .7 (NHi)sSO.| 70.455 70.630 
digitatum . 18.2 dextrose 70.630 | 70.513 | 70.560 | 70.618 | —.105 
70.455 70.665 
13B |P. digitatum| 30| 42| .014 (NHi):SQ.| 2.555 2.660 
18.2 pe 2.590 | 2.602] 2.765 | 2.730) —.128 
2.660 2.765 
14B |Penicillium | 25) 35 -7 +(NH,):SO.} 71.890 71.540 
expansum 18.2 dextrose | 72.065 | 71.978 gos. 71.633} .345 
1SB |P. expansum) 25 | 35 .014 (NH.):SO.| 2.415 2.415 
18.2 dextrose — 2.403} 2.450 | 2.433} —.030 
16 |Glomerella |°25| 30| Uschinsky sol. 7.665 7.630 
Gossypit.. cornmeal decoct.| 7.455 | 7.630] 7.875 | 7.758|—.128 
7.770 7.770 
17B | Phome Betae| 25*| 25 | mangel decoct. 26.635 23.765 
10.0 sucrose 27.370 | 26.997 | 23.695 | 23.730} 3.267 
26.985 
18B | P. Betae....|25*| 25 | sugar beet decoct.} 16.975 14.665 
10.0 sucrose a 17.652} 14.595 | 14.630} 3.022 
19B |P, Betae....|25*| 25} .7 (NH):SO.| 70.840 68.845 
18.2 dextrose | 70.735 | 70.700} 69.020 | 68.927) 1.773 
70.525 68.915 
20B | P. Betae.....|25*| 25]. .014 (NH,):SO.| 2.275 2.030 
18.2 dextrose 2.030 | 2.153 — 2.182 | —.029 
21B | P. Betae....|25*) 89 | mangel decoct. 53.340 45.220 
10.0 sucrose §2.570 | 52.990} 45.255 | 45.238] 7.752 
53.060 
22B |P. Betae....| 25*| 89 | sugar beet decoct.| 31.010 25.585 
10.0 sucrose 31.360 | 31.185 | 25.655 | 25.620] 5.565 
23 |Asotobacter | 25 | 28 | soil-compost sol. | 46.515 5.810 
vinelandis 5.0 mannite ae 46.480} 6.405 | 6.108} 40.372 
24t |A. chroococ- | 25 | 28 | soil-compost ‘sol. | 24.570 5.810 
ee 5.0 mannite | 22.085 | 23.007} 6.405 | 6.108] 16.899 
(Colorado) 22.365 
2St |A. chroococ- | 25 | 28 | soil-compost sol. | 22.586 5.810 
CUM... 2. 5.0 mannite 21.735 | 23.675} 6.405 | 6.108} 17.567 
(Kansas) 26.705 
* 22-25°C, 











t In these cases only were 100 cc. of culture solution employed; in all other cases $0 cc. 
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From our results it is clear that under the conditions of 
the experiments no fixation can be claimed for Aspergillus . 
niger, Macrosporium commune, Penicillium digitatum, P. 
expansum, and Glomerella Gossypu. For the most part, with 
these fungi, the differences between the various members of 
any series, including the controls, represent variations which 
might be expected, and the fact that the averages of the con- 
trols are slightly above or below those of the flasks contain- 
ing the fungi is of little significance. 

With Phoma Betae the case is different. Here the assimila- 
tion of free nitrogen seems definite. The quantities obtained 
vary from practically 0.0 to 7.75 mg. per 50 cc. of culture 
medium. All cultures on sugar beet and mangel decoction 
exhibit a nitrogen increase which points definitely to free 
nitrogen assimilation. It should be noted that these cultures 
represent series maintained for a shorter and a longer period 
of time; those maintained for the longer interval yielding 
higher fixation quantities than those cultured for the shorter 
interval. In one series, 19B, where the source of nitrogen is 
.7 gram (NH4)2S0O,, the nitrogen difference is. perhaps sufii- 
cient to indicate nitrogen fixation. At any rate, if we regard 
fixation as occurring in this solution, it is fair to explain the 
absence of fixation in series 20B, in which only .014 
(NH,)2S04 was employed, as due to the small amount of 
growth occurring in the last-mentioned series. As would be 
expected, fixation is somewhat related to the length of the 
period of growth and to the extent of growth. The results 
with Phoma Betae were so unexpected, in view of the long 
series of negative values obtained with other fungi, that a 
further check upon the work was introduced in the following 
way: A known amount of KNO; was added to a series of 
flasks containing 50 cc. of the sugar beet medium, and analyses 
were then made to ascertain with what accuracy this nitrogen 
could be determined. No difficulty was experienced in recov- 
ering this nitrate nitrogen, as shown by the data in tabie u. 

Furthermore, it seemed well, as a result of the experiments 
with Phoma Betae, to employ by comparison certain organ- 
isms known to have nitrogen-fixing power. Accordingly, the 











1916] 


DUGGAR AND DAVIS—NITROGEN FIXATION 433 


selected strains of Azotobacter were tested, and all yielded 
positive results of satisfactory magnitude, as shown in table 1. 

It will be observed in table 1 that slight discrepancies seem 
to occur between different series in respect to the amounts 
of nitrogen recovered—where the different series contained 
presumably the same amounts of initial nitrogen. This, how- 
ever, is only an apparent discrepancy, since, as previously 


TABLE II 
RECOVERY OF NITROGEN AS KNOs* ADDED TO SUGAR BEET CULTURE MEDIUM 











Controls 13.8 mg. N . 
Trials | (noN added) | added as KNO, | recovered | Difference 
mg. mg. 8. 8. 
; 14.532 28.227 13.695 —.105 
2 14.49 28.048 13.550 —250 




















* 13.8 mg. nitrogen as KNO; added to 50 cc. sugar beet decoction + 10 per cent 
cane sugar. 


mentioned, this work extended over a considerable period of 
time, and although the same lot of culture solutions was used 
for the control flasks and for the flasks in which the organisms 
were grown in any one series, it was nevertheless necessary 
to make up new solutions from time to time for the different 
series. The different series are therefore only approximately 
comparable. 

Now since N-fixation occurs in organisms otherwise so 
physiologically different as Azotobacter, Clostridium, and 
Bacillus radicicola, why may it not occur in all fungi and bac- 
teria, it has been asked time and again. Final answer can be 
given only in accordance with the results of properly planned 
and carefully executed experiments. Moreover, it has been 
shown abundantly that fixation is relatively uncommon among 
bacteria, the capacity being possessed largely by those groups 
mentioned above, As has been indicated, among others, Saida, 
Ternetz, and Stahel have reported fixation for Aspergillus 
niger, In the cases referred to the results are scarcely greater 
than might occur as experimental errors. This could not 
apply, however, to the results with Phoma radicis and appar- 
ently not to those with Phoma Betae. Confirmatory evidenge 
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from our own results has certainly designated the Phoma 
group of organisms as worthy of further careful study. 

With respect to the accumulated data for Penicillium, 
Macrosporium, Alternaria, and other saprophytic moulds oc- 
curring in the soil or upon decaying vegetation, it can only be 
said that the data fall into the same category as that for 
Aspergillus niger. We do not take issue with those reporting 
fixation, but we feel that in view of strong negative evidence 
regarding many of these fungi, further assurance must be 
given that the results may not be explained on the ground of 
experimental errors. We are quite well aware that the ad- 
mission of the data for Phoma Betae has virtually thrown 
open the whole question for any and all fungi, yet we can find 
no grounds upon which adequately to criticize either our own 
results or those of Ternetz with another species of this genus. 

Accepting the evidence for certain species of Phoma, in what 
direction shall we seek for organisms similarly endowed? 
Naturally related genera among the Sphaeropsidales would 
first be suggested, on purely morphological grounds. Again, 
for a long time physiologists have seen possibilities in organ- 
isms which have undergone such adjustment as characterizes 
the mycorhizal fungi generally. Up to the present time there 
has existed considerable uncertainty concerning the isolation 
and determination of the species which produce mycorhiza. 
Ternetz alone has demonstrated a Phoma as a root organism 
of this type. Peklo’s studies lead him to believe that Penicil- 
lium and an undetermined fungus are involved. In this case, 
as already noted, a very weak nitrogen fixation was reported. 
It is not intended, however, in this connection to discuss the 
various indications respecting mycorhizal fungi. Attention 
may be drawn to the fact that the predominant presence of 
Basidiomycetes in forests and meadows early suggested the 
association of these forms with the roots of higher plants. In 
recent times species of Tricholoma, Lactarius, Cortinarius, 
and Boletus have been strongly suspected of being important 
in the development of mycorhiza. 

The fungi are the primary agencies whereby vegetation is 
usually disintegrated or brought through the first stages of 
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decay. If it should be positively demonstrated, therefore, 
that the fungi concerned in this disintegration are at the same 
time capable of fixing an amount of nitrogen sufficient to 
prove of practical value, then it would be clear that agricul- 
tural practice might be modified in many ways to make greater 
use of this possibility of nitrogen enrichment accompanying 
the decay of herbage. As a matter of fact, however, the 
amount of fixation, as we have seen, reported for Alternaria, 
Macrosporium, Cladosporium, Aspergillus, Penicillium, etc., 
even by those recent investigators who claim fixation, is very 
slight—indeed, for such organisms it is usually considerably 
below 5 mg. per 50 cc. of solution. Assuming that there might 
be as much fungous felt in 1 cubic foot of ordinary soil as in 
100 cc. of a culture! and that in both cases the amounts of fixa- 
tion might be equal, we would have as a maximum 10 mg. nitro- 
gen fixed per cubic foot or 420,000 mg. per acre, 1 foot deep, 
that is, 420 grams per acre, or about one pound. When it is 
recalled that in many cultures of Azotobacter the fixation has 
been as high as 50-200 mg. per 100 cc., and when it is further 
remembered that in the soil the conditions favor quantity of 
bacterial rather than fungous growth, we may perhaps gain 
some conception of the impracticability of claiming an eco- 
nomic relation in respect to nitrogen for such fungi. 


SumMMaRY 


1. A review is given of all available literature relating to 
nitrogen fixation by the fungi. 

2. Culture and analytical methods are discussed, and sug- 

gestions are made with a view to the elimination of certain 
possible errors involved in this type of work. 
. 3. Nitrogen fixation could not be demonstrated for Asper- 
gillus niger, Macrosporium commune, Penicillium digitatum, 
P. expansum, and Glomerella Gossypii. 

4. In cultures of Phoma Betae on mangel and on sugar 


* This seems highly improbable, in the light of recent discussion of this point; 
compare the following: Conn, H. J. Relative importance of fungi and bacteria 
in soil, Science N. S. 44; 857-858, 1916, 
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beet decoction with sugar a nitrogen gain of 3.022-7.752 mg. 
was established, which seems definitely to indicate fixation. 

5. Comparative studies of strains of Azotobacter exhibit 
the usual relatively large fixation of nitrogen in the culture 
media. 

Graduate Laboratory, Missouri Botanical Garden. 
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INTRODUCTION 


This paper reports the results of an experimental study 
relating to certain physiological activities of the wood- 
destroying fungus, Lenzites saepiaria. The investigation here 
reported is concerned primarily with cultural characteristics, 
some of the factors influencing growth and metabolism, and 
the enzymic activity in the fungus. Special attention is given 
to the cyto-hydrolyzing enzymes and the relation of these to 
the decay produced by Lenzites.? 


Tue Funeus 

This fungus is commonly known by lumbermen as the 
‘‘brown punk’’ because of the sepia color of the small bracket- 
like sporophores. In nature it is generally found on railroad 
ties, telephone and telegraph poles, and less often on standing 
timber. It attacks coniferous timber, as a rule, but is known 
to attack frondose wood (Weir, 714). The sporophores ap- 
pear near cracks in the wood due to drying. The fruiting sur- 
face is made up of branching gills which may become so much 


+A fellowship established by the Southern Pine Association, New Orleans, La. 

*In the fall of 1914, in codperation with the Southern Pine Association of 
New Orleans, it was decided to attempt a determination of the natural factors of 
wood influencing in any marked degree the growth and destructive properties 
of wood-destroying fungi, that is, durability with respect to fungous decay. While 
the results in this limited field of investigation will be reported in a later paper, 
the present study deals with those additional physiological phases which were a 
necessary and fundamental part of the general plan. 

While in search for a fungus suitable to employ in such a problem, it was 
deemed important to make the results as far-reaching in the economic world as 
possible. Since practically three-fourths of the structural timber used in the 
United States is furnished by the coniferous species of trees, and since Lenzites 
saepiaria Fries is considered the fungus most destructive to coniferous wood, this 
fungus was used in the investigation. 
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anastomosed that the pores formed are very much daedaloid, 
The mycelium is best studied in pure cultures. 


CULTURE RELATIONS 


Two methods of securing pure cultures were employed. 
They may be designated as (1) the tissue method, and (2) the 
spore method. 

(1) The tissue method was first described by Duggar (’05), 
who applied this method to the making of spawn in mush- 
room culture. In connection with this study on Agaricus 
campestris tests were made with 69 species of basidiomy- 
cetous fungi on various media. Forty of these grew promptly 
on the media employed. The method was suggested by the 
fact that ‘‘during moist weather, or in a moist cellar where 
mushrooms are being grown, one will frequently find that an 
injury in a young mushroom is rapidly healed by a growth 
of hyphae from the edges of the injured area. The same thing 
had been noticed in the open in the case of puffballs. In 
many instances, moreover, pure cultures of fungi in other 
groups have been obtained by small bits of a sclerotial mass 
of tissue.’’ Accordingly, young sporophores were obtained, 
‘‘and after breaking them open longitudinally a number of 
pieces of tissue from within were carefully removed with a 
sterile scalpel to a sterile Petri dish.’’? A number of cultures 
were then made by transferring these nocules of tissue to 
various forms of nutrient media, such as bean pods, manure, 
leaf mould, etc. From this and from numerous other similar 
tests it was ascertained that when the sporophores from 
which the nocules of tissue were taken were young and 
healthy, there was seldom an instance in which growth did 
not result. It was shown that failure to grow was generally 
due to the advanced age of the sporophore used, to an un- 
favorable medium, or to bacterial contamination. 

In my work dried sporophores were used for the tissue 
method. These were collected in a freshly growing condition 
and dried at room temperature. The sporophores of Lenzites 
saepiaria are xerophytic, and will remain viable in a dried con- 
dition for some time. Buller (’09, p. 111) found them to 
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recover after four months of desiccation, while Falck (’09) 
found that in one case a sporophore was still feebly viable 
after a year and nine months of desiccation. In my work 
where the tissue method was employed, the sporophores were 
broken open, and small pieces of the tissue from the interior 
were gouged out by means of a sterilized scalpel. These 
pieces of tissue were quickly flamed and transferred to agar 
slants in tubes, after dipping in sterile distilled water to 
moisten. The agar used was Thaxter’s glucose-potato-hard 
agar, made up as commonly employed in this laboratory in 
the following way: Two hundred grams of potato were cooked 
for about one hour in a liter of tap water. The potato water 
strained off was restored to a liter. To this were added 20 
grams of glucose and 30 grams of agar, and the mixture auto- 
claved for 20 minutes to dissolve the agar, which was then 
tubed, sterilized, and slanted. This is a very good medium 
for the growth of Lenzites. 

The tissue transfers grew well, but practically one-half of 
them were contaminated, since difficulty was found in secur- 
ing a piece of tissue from the interior of such thin sporophores 
without contamination. 

(2) The spore method was more frequently used in this 
work. Buller (’09) discovered the remarkable fact that many 
xerophytic fungi which have been preserved dry for several 
months or even years may be revived by moistening, when 
spore expulsion will be resumed and will continue for several 
days or weeks (according to the specificity of the organism), 
even after the plants have been dried and revived several 
times in succession. In the same year, however, Falck 
reported his work on the desiccation of sporophores of Len- 
zites saepiaria, L. abietina, and L. thermophila, in which he 
used this rejuvenescence due to moisture as an index of 
viability. The spore method is used considerably in forms 
with thin tissues, having been employed by Ferguson (’02), 
Falck (’02), Lyman (’07), Miinch (09), and others. 

My procedure differs from those of previous workers in 
some details, which are given here. To obtain the basidio- 
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spores the sporophores were rinsed twice in sterile distilled 
water in large-sized Petri dishes. This removes some of the 
bacteria and spores of foreign fungi. After this washing 
process the sporophores were allowed to stand in sterile dis- 
tilled water for about two hours, so that they were thoroughly 
saturated. They were removed with sterile forceps and 
sponged off with Scott’s tissue toweling which had been pre- 
viously sterilized, and were then placed, hymenium downward, 
in large, dry, sterile Petri dishes. After 24-48 hours the 
sporophores had discharged enough spores to make a white 
spore print. The moisture in the sporophores serves two pur- 
poses other than reviving the tissues. It keeps the air in the 
dish sufficiently humid to prevent too rapid desiccation, and 
it also tends to hold foreign spores to the surface of the 
sporophores. The latter is beneficial in securing a fairly pure 
dispersion of spores. 

The spore dispersion was made in sterile distilled water. 
Test-tube water-blanks were prepared and sterilized. Sev- 
eral loopfuls of sterile water were transferred to the spore 
print by means of a platinum loop. By stirring a little with 
the loop the spores were so dispersed that when a loopful of 
the spore suspension was transferred to the water-blank a 
cloudy streak was produced. Three or four such loopfuls of 
the spore suspension were transferred to a water-blank, which 
was well shaken by rolling between the palms of the hands. 
Two or three loopfuls were transferred to each of several 
tubes of melted agar, and poured plates were made as in the 
usual bacteriological method. Plates made in this way with 
the 3 per cent agar mentioned above were surprisingly free 
from bacterial contamination but contained a few scattering 
colonies of foreign moulds. The colonies produced by the 
germinating spores of Lenzites were so characteristic, how- 
ever, and so generally scattered over the plates that they soon 
became easily recognizable. Individual colonies from the 
plates were transferred to agar slants, a quantity of cultures 
being obtained. 
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CHARACTERISTICS OF THE MYCELIUM IN CULTURE 


Lenzites saepiaria was kept in cultures on three types of 
media, ie., Thaxter’s glucose-potato-hard agar described 
above, yellow pine sawdust in Erlenmeyer flasks, and pine 
blocks in jars and bottles. The mycelial characters on wood 
are somewhat different from those on agar. 

Polymorphism.—Polymorphism in the Basidiomycetes has 
been reported by many early investigators, and in late years 
especially by Falck in 1902 and Lyman in 1907. Lyman 
reviews the literature dealing with the occurrence of oidia, 
chlamydospores, and conidia in certain Polyporaceae, and in 
his own work finds that many of the Hymenomycetes possess 
these several ways of reproducing vegetatively. In 1909 
Falck published a monograph on Lenzites in which he de- 
scribes minutely the morphology and physiology of the myce- 
lium of L. saepiaria. The polymorphism of this fungus is 
extremely interesting and characteristic, the pure cultures of 
the mycelium being almost sufficient to identify the fungus. 

The mycelium is white at first, but with age the aérial part 
becomes a reddish brown or sepia color. When the mycelium 
grows out from an inoculum on agar, there is a submersed 
mycelium which is a forerunner of the superficial. From the 
latter there arises a woven mat of aérial hyphae which take 
on the sepia color with age. The hyphae are very much sep- 
tate, and clamp connections are quite common. These vary 
from the ordinary clamp connections through all stages to the 
medallion mycelium, as Falck calls it, which is found only in 
the wood and sawdust cultures. 

Falck divides the oidia into primary, secondary, and ter- 
tiary. The primary oidia are those formed when the whole 
superficial mycelium breaks up into chains of spore-like cells. 
The secondary are those produced at the tips of branches of 
the superficial mycelium. These may be abnormally swollen 
tips or very short chains from lateral branches. The ter- 
tiary oidia are the most common and appear on the aérial 
hyphae. The hyphae generally break at clamp connections to 
produce this type. The chlamydospores or gemmae are noth- 
ing more than swollen vegetative cells of the hyphae, which 
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act as conidia when isolated. In the superficial mycelium they 
are larger than where submersed in agar, and are often found 
in the medallion mycelium in the decayed wood. 

In the cultures on blocks of pine wood the mycelium spreads 
well if the blocks are fairly well saturated with water. As the 
moisture disappears the mycelium usually penetrates, and the 
superficial mycelium dries and vanishes. In this later stage 
of growth, however, it is difficult to see whether the blocks are 
well infected or whether the fungus has failed to enter and 
thus has dried down. In the woody tissues the hyphae extend 
lengthwise of the tracheids as a general rule. The medullary 
rays are usually full of matted hyphae. When passing from 
one tracheid to another the hyphae penetrate the pits. Very 
infrequently, however, they penetrate the walls of the spring 
wood, and in such cases are constricted in the tiny perfora- 
tion, but are swollen, forming a callus on either side of the 
wall. When two active hyphae come together laterally they 
fuse, and the whole often forms an anastomosing network. 
The medallions are extremely common. 


CHARACTERISTICS OF THE SPOROPHORES IN CULTURE 


Well-differentiated sporophores were formed on sawdust 
and pine blocks, and in a few cases sporophores occurred on 
agar. The earliest fruiting bodies appeared about seven 
months after the cultures were inoculated, and were the- 
lephoroid or staghorn-like in shape. The flattened projections 
bear the hymenium on both sides. It is composed of clavate 
paraphyses with the typical four-spored basidia. Still better- 
differentiated sporophores were produced in from eleven to 
twelve months, their form depending upon the surface of the 
substrate. On a horizontal surface they are almost sessile and 
hemispherical, with the upper surface composed of tiny dae- 
daloid pores, while the under surface has the typical lamellate 
hymenium of Lenzites. When fruit bodies appear on the side 
of a block they tend toward the bracket form, but have 
hymenium above and below, the upper poroid, the lower lamel- 
late or hydnoid. Plate 8 shows sporophores both on sawdust 
and on pine block cultures. 
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Increase in sporophore-producing capacity.—The basidio- 
spores from one of the sporophores produced in pure cultures 
were caught in a sterile Petri dish and plated out in agar as 
described above. There was a large per cent of germination. 
The pure culture tubes made from these germinated spores 
produced sporophores on agar in eight weeks after the trans- 
fers were made. This is the only instance where I secured 
sporophores of Lenzites saepiaria on agar. It seems plausible 
to conclude that by growing the fungus in pure cultures the 
ability to produce sporophores in cultures is increased in the 
following generation. 


FACTORS INFLUENCING THE GROWTH AND METABOLISM OF 
THE FUNGUS 

In this connection four different factors are discussed. 
These are (1) the relation to the reaction of media, (2) tem- 
perature relations, (3) the water and oxygen content of the 
substrate, and (4) resin on wounds and in the wood. 

(1) The relation to the reaction of media, with special 
reference to chemical composition, i. e., source of carbon and 
other nutrients for best germination and growth, has been 
amply considered by Rumbold (’08), and by Falck (’09) in 
his monograph on the Lenzites rots. Thus it was not con- 
sidered necessary to dwell upon these factors further than is 
reported elsewhere in this paper. However, in making a new 
supply of cultures of Lenzites saepiaria, Fomes pinicola, 
Polystictus hirsutus, Polyporus lucidus and others, I found 
that after transferring to the new medium the fungi would 
not grow. On testing with litmus this medium proved to be 
slightly alkaline. A readjustment of the reaction to slight 
acidity yielded a suitable medium for these forms. Rumbold 
(708) also found that L. saepiaria is very sensitive to alkaline 
media, and Spaulding (’11, p. 19) found that ‘‘a number of 
experiments uniformly gave the same results with this 
species. It was found that even with one-fourth of one per 
cent of sulphuric acid it grew luxuriantly.”’ . 

(2) In Falck’s (09) paper temperature relations are dis- 
cussed at length. He shows that L. saepiaria has a growth 
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range from a minimum of 5°C. to a maximum of 44°C., with 
35°C. as an optimum temperature. This optimum holds for 
the strain of this species that I used, but the total range of 
temperature was not determined. A question still remains 
whether the optimum temperature for growth is an optimum 
for the complex of enzyme activities which take place during 
decay. With this in mind the cultures were maintained at 
25-30°C., since these temperatures are at least conducive to 
growth, and enzyme action im vitro is rapid within these 
limits. 

(3) Given some specific wood as a suitable substrate and 
a favorable temperature, then the growth of L. saepiaria will 
be related to such other factors as porosity, water content, 
oxygen tension, and abundance of stored starches or other 
food materials in the wood. The oxygen content of wood is 
necessarily related inversely to water content, provided there 
is water in excess of that imbibed by the tracheid walls. Vari- 
ation in the imbibed water must influence the degree of 
humidity of the air in the lumen of the tracheids, and doubt- 
less the humidity of this enclosed air plays a réle in the 
growth of the fungus through the wood. Another factor 
which influences the oxygen content of wood is the average 
size of the cell lumen. This decreases in size from the spring 
to the late summer wood, for in the latter the lignification in- 
creases the thickness of the walls at the expense of lumen 
capacity. High specific weight is directly related to the 
amount of summer growth (Johnson, ’93). This necessarily 
means that as the specific weight of the wood increases the 
oxygen content would be decreased. 

Miinch (’09) has shown by numerous experiments with 
various forms of wood-destroying fungi that air content is an 
important factor influencing the entrance of fungi. The 
greater number of the forms which he used have a high air 
requirement. The quantity of wood fibre is also important. 
He mentions the fact that narrow annual rings are more 
resistant than broad ones, because there is less capacity for 
air in the narrower. In specimens of wood where only some 
rings are decayed the decayed rings prove to be the more 
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porous ones. This shows that a certain undetermined mini- 
mum of oxygen will prevent the growth of certain fungi. Ex- 
ceptions to this, however, may be numerous. For instance, 
Minch found that Armillaria mellea is not dependent on air 
in the substrate. The rhizomorphs of this organism are of 
such a structure that they conduct air into water-saturated 
tissues. Doubtless there are other forms which have the 
power to thus conduct air to parts where there is a paucity 
of air. 

Undoubtedly, high water content will inhibit the entrance of 
certain fungi, but as soon as there is a paucity of water the 
tissues are as susceptible as ever, for there is no change in 
the properties of the host tissues themselves. Thus, an in- 
creased water content as a factor in the immunization of a 
host plant against disease (as Miinch would lead one to think) 
is not compatible with present-day ideas of immunity. 

Appel (’15) concurs in Miinch’s idea that the paucity of 
air due to high water content may be made an effective method 
in the control of certain plant diseases. He applies this to 
die-back diseases of trees due to species of Valsa and other 
fungi. He says: 

“When such diseases occur, you will find the cause in defective 
irrigation methods, which may be remedied by changing the 
—e system. It is of the greatest importance that the 
land be irrigated at the time the trees contain less water and 
plenty of air, and‘ that the next irrigations be made in time 
to prevent an excessive decrease of the water in the tissues.” 

Further, he states that the same principle may be found to 
be applicable to bacterial diseases of trees, especially Bacillus 
amylovorus, and finally remarks: 

“It may be possible that not only trees, but also herbaceous 
plants, show relations between fungous growth and air con- 
tent. I think it must be so for the organisms which cause the 
wilt diseases and the rhizoctonia disease of the potato, both of 
which have a high air requirement. .... . hough caused 


by a oe a the production of conditions favorable to the 
progress of the disease [Rhizoctonia] is attributable to irriga- 


tion.” 


The writer believes that the close application of the work 
of Miinch given by Appel to such diseases as those caused by 
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Bacillus amylovorus and Rhizoctonia is hardly acceptable 
without adequate specific data for each of the organisms 
concerned. 

Speaking of the fungous diseases in the tropics, Westerdijk 
(715) says: 


“The heavy rainfalls, combined with the abundant transpira- 
tion—owing to the intense heat, must cause a high water-content 
and a small air-content, of the wood-vessels of the trees, thereb 
making a substratum poor in air. This fact, combined wi 
the high temperature, would explain the rare occurrence of 
Hymenomycetae and other wood-destroying fungi in the 
tropics.” 

A certain balance between water and oxygen is necessary, 
and this varies according to the specificity of the organism. 
Just what percentage of water in the cell walls and oxygen in 
the lumen of the wood fibres are necessary for the entrance 
of fungi are undetermined factors, but we know that both are 
necessary. Well-seasoned wood is very durable as long as it 
is kept dry. On the other hand, upon damp wood spores of 
fungi germinate and penetrate readily. In speaking of Len- 
zites spp. Falck (’09, p. 223) says that the spores germinate 
with every rain, then there forms a small colony from which 
hyphae enter the wood substance. In such colonies are found 
the typical medallion mycelium which endures dry periods, 
and which after a thorough saturation with water is again 
able to continue its life activities undisturbed. 

Wehmer (14) found that bits of mycelium of Merulius 
lacrymans transferred to air-dried blocks would not grow at 
room or cellar humidity. When the blocks were well saturated 
with water better results were obtained for mycelial growth, 
but decay was not evident in all cases. As decay by Merulius 
spreads the moisture content increases, decayed wood showing 
25 per cent hygroscopic water in damp air, where sound pine 
holds but 15 per cent. 

During the course of my work with Lenzites grown on pine 
blocks some interesting facts were noted concerning the 
growth and decay as they were influenced by the water and 
oxygen content of the wood. Blocks which were sterilized 
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without excess of water were inoculated and enough water 
added from time to time to keep the humidity high, but the 
mycelium did not spread far from the place of inoculation. 
Where the blocks were kept saturated until after inoculation 
the mycelium grew rapidly over the surface, no matter what 
the nature of the block. As the water evaporates the 
mycelium penetrates, and the superficial growth dries down 
and disappears. The interior of the blocks, however, holds 
moisture for a longer time than the surface, and in such a 
proportion to the wood fibre that the nearest to optimal water 
content is reserved in the interior. This is shown by examples 
of Lenzites rot wherever it is found in nature, as well as in 
pure cultures. Blocks that show a reduction in weight (due 
to decay) of from 40-60 per cent show internal decay, with 
a crust of fairly sound wood over the surface. If two blocks 
fit rather closely together during incubation the surfaces in 
contact may be decayed. 

A large series of blocks inoculated with L. saepiaria were 
kept saturated for a year, and they were reduced very little 
by the fungus. The reduction was all superficial and appeared 
as a ‘‘scorching’’ of the surface. Microscopic examination 
showed that the hyphae penetrated to a depth of but three or 
four tracheids. Plate 8, figs. 13-17, shows a series of blocks 
having this superficial ‘‘scorching,’’ and figs. 8-12 show the 
internal decay mentioned above. From these observations it 
is apparent that tle oxygen requirement of L. saepiaria is 
low. A certain percentage of water is a necessary factor, 
but total saturation is injurious to the fungus because of the 
paucity of oxygen. The optimum, maximum, and minimum 
percentages of air and water have not been determined. 

From the above observations it will be seen that any factors 
influencing the proportion of water and air are of great im- 
portance. Seasonal cracks, due to drying, of ties and other 
structural timbers afford an entrance place for the fungus 
and the necessary air, and usually the decay is found in radial 
blotches when the end of an infected timber is observed. 

(4) When coniferous trees are wounded in one way or 
another the majority of them exude pure resin from the 
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bark, and this seals the wounds to the exclusion of the 
fungus. We have found that the mycelium of L. saepiarig 
will not grow on 100 per cent resin plates because of the lack 
of nutrition, nor will the spores germinate on such a medium. 
In living trees, then, the pure resin covering the wounds 
serves a twofold purpose. It mechanically prevents the en- 
trance of the fungus, and excludes the air which might other- 
wise gain access to the interior of the tree more rapidly than 
under natural conditions. Resin does not exist in this high 
percentage, however, in the interior of wood, but is infiltrated 
into the lignified walls. Hence, there is still air in the lumen 
and food accessible to the fungus. Laboratory experiments 
reported below have shown that under these conditions the 
presence of resin has very little influence upon the growth of 
the fungus, at least up to 50 per cent resin by weight, which 
is considerably more than is found in any coniferous wood. 

A quantity of resin was extracted by means of benzol from 
longleaf pine wood (Pinus palustris). The resin was hard- 
ened at 65°C. until it was of a constant weight. This was 
used in making a resin agar, the basis of which was a 4 
per cent Thaxter’s glucose-potato-hard agar. The powdered 
resin was added to the agar while warm, emulsified by vigor- 
ous agitation, and then sterilized. Sterilization may be done 
in the Arnold sterilizer on three successive days, or if it is 
necessary to sterilize but once, autoclaving is satisfattory; 
but when autoclaved more than once the resin seems to be 
acid enough to hydrolyze the agar sufficiently to keep it from 
hardening. If the agar is removed from the autoclave while 
it is still quite super-heated and vigorously agitated while it 
is cooled by placing under the water tap from time to time, 
a very satisfactory emulsion of any percentage may be 
obtained. 

The agar was made up so as to contain 5, 10, 15, 20, etc., up 
to 100 per cent, of resin, which was plated out and after 
cooling was inoculated with squares of mycelium of L. 
saepiaria cut as suggested by Humphrey and Fleming (’15, 
pl 1). The inocula were 0.8 cm. on a side. After 14 days of 
growth at 32°C. measurements of the diameters of the grow- 
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ing mycelial colonies were taken. Plate 9 shows photographs 
of the comparative growths. The accompanying table (table 
1) shows that on the 5 per cent resin agar the growth was 
reduced somewhat, as compared with the control containing no 
resin; but the growth was just about as rapid on 40, 45, and 


TABLE I 
RESULTS OF GROWING LENZITES SAEPIARIA ON PLATES OF RESIN AGAR 




















Diameter of growth on resin agar plates 
Per cent after 14 days at 32°C. 
of 
i Plate Plate Plate Plate 
zai no. 1 no. 2 no. 3 no. 4 Averages 
9. 9.0 9.0 9.0 6| 9.0% 

0 (control 9.0 . . : < 

- aearana 7.6 7.4 6.8 7.9 7.42 
10 6.1 6.2 6.7 7.4 6.6 
15 6.8 6.5 ta 5.5 6.5 
20 6.2 6.1 5.9 6.2 6.1 
25 6.4 6.8 6.9 6.4 6.63 
30 6.2 5.7 6.2 5.9 6.0 
35 6.8 7.0 6.6 6.8 6.8 
40 6.5 6.2 6.6 6.4 6.4 
45 7.4 7.0 6.6 6.4 6.85 
50 5.9 6.2 5.7 6.0 5.95 
55 3.4 3.5 3.8 te i 3.6 
60 1.3 4S 1.8 1.4 1.5 
65 1.8 1.4 1.7 oe 1.6 
70 1.8 1.6 1.7 1.3 1.6 
75 1.6 7 1.8 5 I 1.7 
80 1.4 1.5 1.1 3.2 1.3 
85 1.5 1.6 1.4 1.4 L3 
90 0.8 0.8 0.9 1.1 0.9 
95 0.8 0.8 0.8 1.2 0.9 
100 0.8 0.8 0.8 0.8 0.8 




















* The diameter of the inoculum in each case was 0.8 cm., which should be subtracted from the 
above values in order to obtain the actual growth. 


50 per cent resin as on 5, 10, and 15 per cent, the average 
growth of the former three being 6.4 cm., and of the latter 6.84 
em. From 50 to 60 per cent there was an abrupt change in the 
growth, which showed marked inhibition from 60 to 85 per 
cent, while above this there was practically no growth. The 
fact that there was some growth up to 85 per cent resin is con- 
clusive evidence that resin is not toxic. Of course, it could not 
be toxic unless soluble in water or the enzymic fluids excreted 
by the fungus. Its greatest inhibitive power lies in the fact 
that it excludes water from the substrate. The results given 
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here are merely indicative of the true conditions as they exist 
in nature, since the nutrition in the two cases is different, 
We know from the work done by Le Renard (’12) that the 
composition of the nutrient medium used in such Petri dish 
plates has a marked influence on the effect of any toxic sub- 
stance present; that is, if the nutritive elements present are 
varied in quantity there is a change in the effect of the toxic 
substance on the growth of the organism. 

Resin determinations have been made on approximately 
450 series of pine blocks, the whole comprising about 3000 
samples which were placed in cultures of L. saepiaria. The 
reduction in weight of these blocks, after incubation for one 
year, varies considerably, but the results so far taken tend 
to show that the influence of resin on the decay by this fungus 
is exceedingly erratic. This will be reported in a second 
paper. 


Enzyme Activity 1n LENZITES SAEPIARIA 


Work on the enzyme activity of the wood-destroying fungi 
is comparatively meagre. This is especially the status of the 
cytolytic investigations. There are very few papers wholly 
devoted to enzymes of higher fungi. In 1895 Bourquelot and 
Hérissey investigated the enzymes from the juice of the sporo- 
phores of Polyporus sulphureus. The enzymes were precipi- 
tated with alcohol. Czapek, in 1899, found in natural infec- 
tions of Merulius lacrymans an .active principle capable of 
liberating from lignin the substance which gives the lignin 
reactions in alcoholic extracts. This substance, which is dis- 
cussed more fully later in this paper, he called ‘‘hadromal,”’ 
and the enzyme capable of liberating it was called ‘‘had- 
romase.’’ 

Two years later Kohnstamm (’01) applied Buchner’s 
‘‘Dauerhefe’’ method to the sporophores and mycelium of 
Merulius lacrymans and Armillaria mellea. He obtained evi- 
dence of the presence in these fungi of diastatic, proteolytic, 
glucoside-splitting, and cellulose-hydrolyzing enzymes. Buller 
(06) tested out the juice expressed from the sporophores of 
Polyporus squamosus and obtained positive evidence of the 
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presence of eight enzymes. Reed ('13) grew Glomerella 
rufomaculans in cultures of nutrient solutions, and from the 
dried fungous mat was prepared a fine, enzyme-containing 
meal which was tested on various substrates. 

The few papers mentioned are the main ones dealing en- 
tirely with enzyme activity in fungi which attack wood. Many 
other investigators have inferred a priors that many enzymes, 
especially cytolytic, are active agents in the metabolism of 
this group of fungi, and scattering references of this sort are 
numerous. It is of interest to observe that although we have 
every indication to direct us to believe that cytases are present 
in wood-destroying fungi, yet their presence has been demon- 
strated only indirectly, i.e., by histological methods. This may 
be due to the fact, as will be pointed out later, that a majority 
of the investigators who found no wood-destroying ferment 
used the fruiting bodies in their experiments instead of the 
active, vegetative mycelium. More detailed discussions of the 
results of these various investigators will be given below in 
connection with the various groups of enzymes considered in 
this paper. 

In view of the status of our knowledge of the enzymes con- 
cerned in the destruction of wood, I undertook an investiga- 
tion to compare in a qualitative way the enzymes of the 
mycelium and sporophores of Lenzites saepiaria. In certain 
cases only have quantitative results been obtained. 


METHOD OF GROWING MYCELIUM FOR EXTRACTION 


Sawdust of Pinus palustris, P. echinata, and P. Taeda was 
placed in flasks of 1000 and 500 cc. capacity. The sawdust 
was moistened with distilled water, after which the flasks were 
plugged and sterilized in the autoclave at 20 pounds pressure 
for 45 minutes. After cooling, the sawdust was inoculated 
with the mycelium from agar slants. As the mycelium grew 
into the sawdust there was a darkening of the wood similar 
to that noticed in the ‘‘rot’’ produced in nature by this fungus. 
In the course of time the sawdust became a dark brown color. 

After about 7 months some of the flasks were emptied, and 
the sawdust with the mycelium was dried by means of an 
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electric fan blowing a draft of warm air (about 30°C.) over 
it. After being dried the sawdust could be crushed to powder 
between the fingers. This dry sawdust was ground to a very 
fine powder in an ordinary mill. A tared amount of the 
powder was transferred to a clean liter flask, and about 4 parts 
of water by volume were added with about 1 per cent chloro- 
form. This was allowed to stand for 16 hours for the extrac- 
tion of enzymes. Then the solution was filtered off through a 
Buchner funnel, and the enzymes precipitated from the filtrate 
by the addition of 3 volumes of 95 per cent alcohol. The pre- 
cipitate was collected on a filter paper in a Buchner funnel, 
and the paper allowed to dry at room temperature. These 
filter papers were kept in glass-stoppered bottles for future 
use. 
When the enzyme preparation was to be used the filter 
paper was soaked in such a quantity of water that each cubic 
centimeter of the resulting enzyme ‘‘dispersion’’ was equiva- 
lent to 1.5 grams of the original sawdust powder. In the fol- 
lowing work 2 cc. of this dispersion were used in 10 ce. of the 
respective substrates. 


PREPARATION OF SPOROPHORES FOR EXTRACTION 


Sporophores of Lenzites saepiaria were collected by the 
writer at Leeper, Missouri. Only the viable, light sepia- 
colored specimens were used in the enzyme work. The tissue 
of the sporophores, after grinding, was treated in the same 
way as described above for the mycelium in sawdust. The 
enzyme preparation was secured in the same way, and 1 cc. 
of the enzyme dispersion in water had the value of 1.5 grams 
of the original sporophoral meal. Unless otherwise specified 
in the following pages ‘‘mycelial meal’’ will refer to the 
original powdered sawdust including mycelium before extrac- 
tion, ‘‘sporophoral meal,’’ the original ground sporophores 
before extraction, ‘‘mycelial dispersion,’ the dispersion of 
enzymes extracted from the mycelial meal, and ‘‘sporophoral 
dispersion,’’ the dispersion of enzymes extracted from the 
sporophoral meal. 
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ENZYMES OF LENZITES SAEPIARIA 
ESTERASES 

By the action of esterases the esters of the fatty acids are 
saponified and are thus resolved into their constituents, 
alcohols and fatty acids. It is thus possible to recognize and 
measure the activity of the enzymes in decomposing esters 
by determining the acidity of the substrate quantitatively by 
titration against alkali. 

The presence of fatty globules in the hyphae of fungi has 
led to the investigation of the enzymes capable of accom- 
plishing their hydrolysis. Biffen (’99) found a fat-destroying 
fungus belonging to the Hypocreales which grew luxuriantly 
on the endosperm and milk of the cocoanut. All cultures of 
the fungus showed that the fats became emulsified, and the 
substrate became increasingly acid with continued growth and 
had a pleasant ethereal odor something like that of amyl 
butyrate. On triturating the mycelium with kieselguhr, and 
filtering under pressure, he obtained an extract which decom- 
posed both cocoanut oil and monobutyrin. Buller (’06) found 
that 10 cc. of the juice from the sporophores of Polyporus 
squamosus hydrolyzed 43 per cent of a 1.84 per cent ethyl ace- 
tate solution in 330 hours. He mentions ‘‘that when spores 
of Polyporus squamosus are allowed to dry for several days, 
many of them develop large fat drops. On germination of 
the spores in malt-wort extract these drops disappear. Per- 
haps this is due to the action of lipase.’’ Bayliss (08) was 
not able to demonstrate the presence of lipase in Polystictus 
versicolor. Dox (710) has reviewed the literature concerning 
the filamentous fungi which split the fats. Reed (13) found 
that the enzyme powder prepared from Glomerella rufomacu- 
lans split ethyl acetate and ethyl butyrate, but that the in- 
crease in acidity was much greater where ethyl acetate was 
used as the substrate. 

The presence of oil globules in the spores and mycelium of 
L, saepiaria led to the investigation of the power of the 
fungns to utilize such substances. Thus, experiments were 
conducted using as substrates the following: olive oil emul- 
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sion, triacetin, methyl acetate, ethyl acetate, and ethyl 
butyrate. 

Olive oil emulsion was made according to Bloor’s (’14) 
method, which was previously reported from this laboratory 
by Davis (’15). Ten cubic centimeters of olive oil were dis- 
solved in hot, absolute alcohol. This was run through a hot 
funnel to which was attached a piece of glass tubing drawn 
out to a very fine jet. The fine stream of oil in alcohol was 
run into 100 ce. of cold distilled water, which was constantly 
stirred. The milk-white emulsion was finally boiled to drive 
off the alcohol, then was diluted to 500 ce. with distilled water. 

The other substrates were made up in 1 per cent solutions, 
and if kept any length of time toluol was added as an anti- 
septic. All substrates were used according to the following 
example and were always set up in duplicate: 

(1) .25 cc. ethyl acetate + 5 cc. enzyme dispersion + toluol. 

(2) 25 cc. ethyl acetate + 5 cc. enzyme dispersion ( auto- 
claved) + toluol. 

(3) 25 cc. ethyl acetate + 5 cc. water + toluol. 

(4) 25 cc. ethyl acetate + equivalent weight meal + toluol. 

(5) 25 cc. ethyl acetate + equivalent weight meal ( auto- 
claved) + toluol. 

The results show that the lipolytic action on neutral fats 
is very slight, if any, but that on the esters of the lower fatty 
acids it is more marked. As Reed (’13) observed for Glom- 
erella rufomaculans, here the acetates are better substrates 
than the butyrates. Methyl acetate is more strongly hydro- 
lyzed than ethyl acetate. 

Table m shows the results of the action of the esterases in 
the mycelial meal and the enzyme dispersion from the myce- 
lium. These cultures were incubated for 24 days at a tem- 
perature of 25-30°C. Table m shows the lipolytic action in 
the sporophores under the same conditions. Since the 
mycelial meal includes the sawdust upon which the mycelium 
grew, the results obtained for the mycelium and sporophores 
are not comparable, but from the results on methyl acetate 
it can be readily seen that the esterase activity in the mycelium 
is stronger than in the sporophores. 
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TABLE II 
ACTION OF ESTERASES OF THE MYCELIUM UPON VARIOUS SUBSTRATES 
Number cc. N/20 NaOH to 
Substrate Form poh one neutralize 10 cc. substrate 
Gross Net 
1 acetate. Enzyme dispersion Rte poe ates 2.95 2.30 
eer score i Enzyme dispersion (autoclaved)... De a cwien 
Ethyl acetate..... Enzyme dispersion............. 1.60 0.70 
Ethyl acetate..... Enzyme oo (autoclaved)... i Se RPE Rees 
Ethyl butyrate ...| Enzyme dispersion............. 0.15 0.05 
Ethyl butyrate .. .| Enzyme dispersion (autoclaved). . Ch a ae ee 
Olive oil emulsion... Enzyme dispersion SR SOREN ies 0.35 0.10 
Olive oil emulsion..| Enzyme dispersion (autoclaved)... ee 0's. Sekar « 
Olive oil emulsion. . an ah weight of meal....... 7.57 0.07 
Olive oil emulsion... — lent weight of meal (auto- * 
Triacetin......... mauheiees oui of meal....... 9.08 "0.48 — 
Tweet... 05. —— weight of meal (auto- 
\ BSG eRe eae Soe Tee 
TABLE III 
ACTION OF ESTERASES OF THE SPOROPHORES UPON VARIOUS SUBSTRATES 
ual pone “tag age 
orm of enzyme neu cc. su te 
Substrate snabesial 
Gross Net 
Methyl acetate. . . ons MOINS 636-6 0'536-6:4's500' 7.10 2.30 
Methyl acetate... Enzyme pana (autoclaved). . eee. cep eees y 
Methyl acetate. . . Equivalent wt. meal............ 12.30 5.90 
Methyl acetate. . . nacre A wt. meal (autoclaved) ng SMR: REE ISISER 
Ethyl acetate..... Enzyme dispersion............. 4.55 1.25 
Ethyl acetate..... Enzyme dispersion (autoclaved). . Bee 4 oh oe wees 
Ethyl acetate.....| Equivalent wt. meal............ 9.40 4.70 
Ethyl acetate..... Equivalent wt. meal (autoclaved) Ree oe 
Ethyl butyrate... .| Enzyme dispersion............. 0.42 0.07 
Ethyl butyrate... .| Enzyme dispersion (autoclaved). . RS SET SERS 
Ethyl butyrate... .| Equivalent wt. meal............ 2.65 0.95 
Ethyl butyrate... .| Equivalent wt. meal (autoclaved) ih | Se eee seat ae 
Olive oil emulsion. .| Enzyme dispersion............. 1.10 0.25 
Olive oil emulsion. .| Enzyme p> (autoclaved)... Sie eee 














MALTASE 


Of the disaccharases, I tested for maltase, lactase, and in- 
vertase. The occurrence of maltase in some of the lower 
fungi is of special interest and importance, but the literature 
has been adequately discussed by Dox (710). In the higher 
fungi it has been demonstrated in the sporophores of Polyp- 
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orus sulphureus by Bourquelot and Hérissey (’95), and by 
the writer it has been found both in the mycelium and sporo- 
phores of L, saepiaria. 

In our experimental work a 1 per cent solution of maltose 
was used as a substrate. Ten cubic centimeters of this were 
placed in each of 6 test-tubes. To each of 2 of these were 
added 2 cc. of the mycelial dispersion, to each of 2 others, 














TABLE IV 
SHOWING THE ACTION OF MALTASE IN LENZITES SAEPIARIA AFTER TWO WEEKS 
AT 25-30°C. 
s é Reducing su as Net due to 
Amount of enzyme dispersion glucose in 5 cc, hydrolysis 
in 10 cc. of 1 per cent of substrate by maltase 
maltose 
Mycelium | Sporophore | Mycelium | Sporophore 
EAS RS Reape mcr 40.40 39.24 6.28 18.61 
2 ce. (autoclaved).............. 34.12 WE OB eeeces es Benen 
lk | RSS SS 26.16 A> ae See Beery 

















2 ec. of the mycelial dispersion which had been autoclaved to 
kill the enzymes, and to each of the remaining were added 
2 cc. of distilled water. To all were added a few drops of 
toluol as an antiseptic. A comparable series of experiments 
was set up using sporophoral dispersion. All were incubated 
at 25-30°C. for 2 weeks, after which time they were tested for 
reducing sugars by Shaffer’s method (’14). Maltase reduces 
Fehling’s solution, but when it is hydrolyzed each molecule 
yields 2 of glucose which would reduce almost twice as much 
Fehling’s solution. Table tv shows that there was consider- 
ably more reduction in the ‘‘regular’’ tubes than in the auto- 
claved and the water controls. The fact that there is more 
net reduction due to maltase in the sporophores than in the 
mycelium is not of any significance when the amount of saw- 
dust in the mycelial powder is considered. 


LACTASE 


Lactase has never been reported from the higher fungi. 
In dealing with lactase the same procedure was carried out 
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as for maltase, except that a 1 per cent solution of lactose 
was used for a substrate. There was no indication of the 
presence of lactase either in the mycelium or the sporophores. 


INVERTASE 


Although invertase has been repeatedly demonstrated in 
lower fungi, especially yeasts, Aspergillus and Penicillium, its 
presence has seldom been noted in the higher forms. Bayliss 
(708) found it in the sporophores of Polystictus versicolor, 
and it is undoubtedly present both in the mycelium and sporo- 
phores of L. saepiaria. 

To demonstrate the presence of invertase a 1 per cent solu- 
tion of sucrose was used as a substrate. To 10-cc. portions 
of this were added 2 cc. of the enzyme dispersions, enzyme 
dispersions autoclaved, and 2 cc. of distilled water, as in the 
maltase experiments. After 4 hours there was distinct reduc- 
tion of copper oxide from Fehling’s solution in the regular 
tubes, but the autoclaved controls and the water controls 
showed none. This was perhaps more evident in the sporo- 
phoral dispersion. 

Having demonstrated the presence of invertase both in the 
mycelium and sporophores, some quantitative studies were 
made. The fungus was successfully grown upon a substrate 
of carrot juice. The carrot juice cultures were made in Erlen- 
meyer flasks and inoculated with oidia from cultures grown 
on pine sawdust. The oidia were dispersed in sterile, distilled 
water-blanks from which the inoculations were made. After 
2 weeks of growth the mats of mycelium were removed from 
the flasks and dried on filter paper at a temperature of about 
35°C. This dried mycelium was ground to a fine powder in 
a mill and kept dry in a glass-stoppered bottle. This same 
powder was used for quantitative determinations of diastatic 
action reported later in this paper. 

The experiments were conducted as follows: To 50 cc. of 
a 1 per cent sucrose solution 2 grams of fungous powder were 
added, with about 1 per cent toluol as an antiseptic. As a 
control on this, other experiments were prepared in the same 
way after the fungous powder had been autoclaved to kill the 
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enzyme. The sucrose solution was also used alone. These 
were. all set up in duplicate, and at the same time parallel 
experiments were set up with sporophoral meal in the same 
way. They were allowed to remain at room temperature 
(about 27°C.). After a period of 3 hours one set of cultures 
was killed in the autoclave by allowing the pressure to come 
to 10 pounds. The duplicate set remained in incubation for 


TABLE V 


QUANTITATIVE STUDY OF THE INVERTASE ACTIVITY IN MYCELIUM 
AND SPOROPHORES 








Reducing sugars as glucose Net invert sugar due to 
in 10 cc. of substrate invertase activity 





Amoun' f After 3 hrs. | After 6 hrs. | After 3 hrs. | After 6 hrs. 
At S0ce eT 1 | incubation | incubation | incubation | incubation 
































per cent sucrose solu- 
tion 
eijGialt&ial&lal & 
2| 4 ; 41/Zzi/ai2l4 
$ £ S 2 8 
> Ss 
| els 3 || i 
OED 782 | 2.88 |17-19| 5.16 | 5-44 | 2.95 | 15-05) 4.83 
2 grams (autoclaved). ..| 2.08 | 0.63 | 2.14) 0.63 |......)......]....0.[eeeees 
Sucrose solution alone. . .| Negli- Negli- 
gible |...... RR PS eee Sea Rte 





6 hours and then was killed in the same way. After killing 
the substrates were filtered, and the invert sugars were de- 
termined by the Shaffer method. Table v gives these quanti- 
tative results. These results show definitely that the greater 
invertase activity is in the vegetative part of the fungus, the 
inversion taking place over twice as rapidly in the mycelium 
as in the sporophores. In collecting such sessile sporophores 
as those of L. saepiaria it is difficult at times to remove the 
fruiting body without taking with it some superficial myce- 
lium. It may be that if only the marginal portions of the 
sporophores were used in this work there would be a greater 
difference in the activity between fruiting body and mycelium. 


RAFFINASE 


A carbohydrase which transforms the trisaccharide raf- 
finose into fructose and melibiose was demonstrated. To 10 
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ec. of a 1 per cent solution of raffinose were added 2 cc. of 
enzyme dispersion and toluol as an antiseptic. Controls were 
prepared as in previous experiments. After 48 hours Feh- 
ling’s solution was strongly reduced in all but the controls. 
This was true both for the enzyme preparations from the 
mycelium and the sporophores. This gives evidence of the 
presence of raffinase in L. saepiaria. 

Dox (’10) has reviewed the literature as to the occurrence 
of this ferment in Aspergillus and Penicillium. He found that 
mould powder of Penicillium Camemberti hydrolyzed raf- 
finose, and that varying the source of carbon in the substrate 
exerted an influence on the amount of raffinase produced. A 
significant fact brought out is that lactose and sucrose yielded 
a larger quantity of raffinase than did other carbohydrates, 
and these two disaccharides, it is to be noted, contain two of 
the hexoses-found in raffinose; that is, lactose on hydroly- 
sis yields galactose and dextrose, and sucrose yields dextrose 
and levulose. 

The presence of raffinase in higher fungi has not been 
demonstrated before, as far as the author is aware. 


EMULSIN 


The presence in plants of an enzyme capable of decom- 
posing glucosides has been known since 1837, and emulsin 
was discovered in fungi in 1893 by Bourquelot, who found it 
in Aspergillus niger, and by Gerard, who found it in Pen- 
icillium glaucum. Bourquelot (’94) was able to detect emulsin 
in many of the higher fungi found on wood. Among those 
tested, 34 species (mostly Basidiomycetes) showed the pres- 
ence of emulsin, and 9 did not. None of the 9 were found on 
wood. It is probable that in the destruction of wood, whether 
frondose or coniferous, glucosides are set free. Among 
these are salicin, populin, arbutin, and amygdalin from fron- 
dose woods, and principally coniferin from the conifers. Be- 
fore these are available as nutrients for the attacking fungus 
they must be acted on by emulsin, which splits the glucoside, 
yielding glucose which is directly assimilable. 
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In 1895 Bourquelot and Hérissey found that the juice ex- 
tracted from the sporophores of Polyporus sulphureus actively 
digested the glucosides, arbutin, amygdalin, aesculin, con- 
iferin, and salicin. Working on Armillaria mellea, Merulius 
lacrymans, and Polyporus squamosus, Kohnstamm (’01) 
showed that emulsin is present in the sporophores as well as in 
an extract of the wood decayed by these organisms. Buller 
(706) found the expressed juice of the sporophores of Poly- 
porus squamosus to act similarly toward amygdalin, while 
Bayliss (’08) reported that negative results were obtained 
using an extract of Polystictus versicolor. Reed (13) re- 
ported it from the mycelium of Glomerella rufomaculans. 

In my experiments a 1 per cent solution of amygdalin was 
used as a substrate. Ten cubic-centimeter portions of this 
were placed in test-tubes, and 2 cc. of the enzyme dispersion 
were added to 3 of these and 1 was boiled. In another, 10 ce. 
of the amygdalin solution were diluted with 2 ce. of distilled 
water as a control. To all was added toluol as an antiseptic. 
All were incubated at 25-30°C. for 3 days. After incubation 
the two regulars reduced Fehling’s solution, gave a strong 
odor of benzaldehyde and the Prussian blue test for hydro- 
cyanic acid. The boiled control and water control gave none 
of these tests. The Prussian blue test was not quite as pro- 
nounced in the sporophoral as in the mycelial material. 

The biological importance of the presence of emulsin in 
L. saepiaria is interesting, since we know that the pine, upon 
which the fungus grows most readily, contains coniferin. 
When coniferin is hydrolyzed by emulsin it yields glucose and 
coniferyl alcohol. The latter, through the action of oxidases, 
yields vanillin. Glucose is thus made available by the action 
of emulsin. 

Blocks of wood which had been in cultures for one year, 
during which period they were always saturated with water, 
were decayed only over the surface. When these were dried 
in an oven at 65°C. crystals of vanillin were collected over 
the surface of the blocks and the interior of, as well as about, 
the apertures of the oven. When the blocks were decayed 
under moderate moisture conditions no such sublimation of 
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vanillin was observed. Water then may be a factor to increase 
this oxidation process in the production of vanillin from 
woody tissues; at least very moist conditions seem to aid this 
action or the action of emulsin in the liberation of the coni- 
feryl alcohol. 
TANNASE 

Knudson (13, '13*), in his two papers on the tannic acid 
fermentation, gives a review of the literature on this subject 
up to that time. All of this literature deals with the tannase 
found in Aspergillus and Penicillium, but no work has been 


TABLE VI 


STUDY OF THE HYDROLYSIS OF TANNIN BY THE ENZYME DISPERSION FROM 
LENZITES SAEPIARIA 














ae Gallic acid after 4 Net over 

Amount of enzyme dispersion in ; : 

25 cc. of 1 per cent tannin solu- weeks’ hydrolysis control 

tion 

Mycelium | Sporophore | Mycelium | Sporophore 
mg. % mg. mg. 

BOG MMNOR. oo cccc sccncscss 7.39 5.88 oh ae ee eee 
5 cc. dispersion (autoclaved)..... 3.28 Boe Bs ck he eo aleee ens 
5 cc. distilled water............. 1.31 5 Ree Resi Beet 

















done to determine tannase in the higher fungi. Knudson, 
however, did determine the toxicity of tannic acid for fungi, 
and included in his list such higher forms as Polyporus sul- 
phureus, P. resinosus, and Fomes applanatus. On 0.25 per 
cent tannic acid in bean decoction he found Polyporus sul- 
phureus and P. resinosus to grow well, but no growth was 
made by any of these forms on 2 per cent tannin. 

To determine the hydrolysis of tannic acid to gallic acid, 
Jean’s (’00) iodine titration method was used. The tannin 
is precipitated with albumin and salted out with excess of 
sodium chloride, and the gallic acid remaining is titrated 
against a standard iodine solution. The value of the albumin 
solution in terms of the iodine must be subtracted from the 
gross value of the titration. The experiments follow in 
table vr. The increase of gallic acid here is very strong and 


must be regarded as evidence of tannase in the mycelium of 
the fungus. 
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DIASTASE 


Hartig (’78) was the first to mention the digestion of starch 
by a wood-destroying fungus, Fomes annosus, but not until 
the work of Bourquelot (’93-’96) did we know that diastase 
is widely distributed in these higher fungi. Bourquelot’s 
work was especially with the sporophores of Polyporus sul- 
phureus. Kohnstamm (’00) demonstrated the presence of 
diastase in Merulius lacrymans, Polyporus squamosus, and 
Armillaria mellea, and in 1906 Buller verified this work with 
the juice from the sporophores of Polyporus squamosus. 

Diastase was found present in both the mycelium and sporo- 
phores of L. saepiaria. 

Potato starch was made up into a } per cent paste in the 
manner which is commonly used in this laboratory in the 
advanced plant physiology course conducted by Professor 
Duggar. Two and one-half grams of potato starch in 150 ce. 
of distilled water were brought to boiling, while constantly 
stirred. This was transferred to a flask containing about 600 
cc. of hot distilled water. The whole was boiled in a reflux 
condenser for about 2 hours. After cooling the paste was 
made up to a liter by adding distilled water. To the soluble 
starch thus prepared about 1 per cent toluol was added as an 
antiseptic. 

A series of experiments was set up as for maltase but using 
the starch paste as a substrate. After 4 hours the mycelial 
dispersion showed decided indication of the presence of reduc- 
ing sugars, while the sporophoral dispersion after 8 hours of 
incubation showed comparatively less. This work was not 
quantitative, however, and later experiments were conducted 
so that quantitative results could be taken. For this work I 
used the fungous powder prepared from mycelium grown on 
carrot juice, described under invertase. The fungous powder 
was used directly without extracting the enzymes. A 1 per 
cent starch paste was made as above described and this used 
for the substrate. In each experiment 50 cc. of the paste were 
used. To this were added 2 grams of the fungous powder and 
enough toluol to act as an antiseptic. Control experiments 
were set up in which the fungous powder had been autoclaved. 
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Parallel experiments were prepared using the ground sporo- 
phores. The results of these experiments are incorporated 
in table vm. 

As was the case with the invertase, the diastatic activity 
shows up much more strongly in the mycelium than in the 


sporophores. 


TABLE VII 


QUANTITATIVE STUDY OF THE DIASTATIC ACTIVITY IN MYCELIUM 
AND SPOROPHORES 




















Reducing sugars as glucose Net due to hydrolysis 
in 10 cc. of substrate by diastase 
After 3 hrs. | After 6 hrs. | After 3 hrs. | After 6 hrs. 
Amount of fungous incubation | incubation | incubation | incubation 
powder in 50 cc. Ta 1 
cent starch e 
a ethiet#ialitiats 
3 3 3 & 3 a 3 
FI FITIELaILElal & 
Pp; Rie; RT Sl aT EIS 
a1 = n = 77) = a 
mg. | mg. | mg. | mg. mg. 
2 grams powder........ 10.67} 3.18 | 24.68] 7.96 8.50 2.39 22.54 7.30 
2 grams saan (auto- 
<n Reine rene OTT Loe OR AO hs ees Bes ce icheaeccagasa ses 
Starch paste alone...... Negli- Negli- 
gible |...... "SSSR RSS Meee Peres GPa 





























CYTO-HYDROLYZING ENZYMES 


Under the general term cyto-hydrolyzing enzymes, I shall 
consider all enzymes which attack such higher carbohydrates 
as lignin, cellulose, hemicellulose, and pectic bodies. In the 
succeeding pages the following classification of this group 
of enzymes will be used: 

1. Ligninase, called ‘‘hadromase’’ by Czapek (’99), to 
designate the enzyme capable of splitting lignin. 

2. Cellulase, the true cellulose-hydrolyzing ferment. 

3. Hemicellulase, the ferment hydrolyzing the hemicellu- 
oses. 

4. Pectase, the enzyme capable of clotting the pectins. 

5. Pectinase, an enzyme which hydrolyzes into reducing 
sugars the pectinous substances, —" the middle lamellae 
of plant tissues. 








! 
4 
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Iigninase.—It has often been sought to determine compre- 
hensively the chemical composition of the non-cellulose com- 
ponent of woody membranes. Tiemann and Haarmann, in 
1874 (cited from Grafe, ’04), believed this component to be 
coniferin, while Singer (’82) considered lignin as a mixture 
of coniferin, vanillin, and wood gum, which gave a test for the 
aromatic aldehydes. The prompt action of Schiff’s aldehyde 
reagent with rose aniline and sulphurous acid speaks for the 
occurrence of aldehyde-like substances in lignin. In fact, in 
1898, Czapek succeeded in splitting off a substance from 
lignin by cooking it in stannous chloride solution. This sub- 
stance gave the typical wood reaction when treated with 
phloroglucin and hydrochloric acid, and was described by him 
as an aromatic aldehyde which he called hadromal. Accord- 
ing to Grafe (’04), Czapek’s hadromal does not act like a 
homogeneous body but like a mixture of vanillin, methyl fur- 
furol, catechol, and coniferin, which substances exist in the 
form of an ether-like compound with the cellulose of the cell 
wall, or are taken up by resin, or may be found free in slight 
amounts in the wood fibre. According.to Czapek (’13), how- 
ever, catechol and vanillin may be regarded as decomposition 
products of hadromal. 

Other authors go only so far as to state that the substances 
making up lignin are intimately related to colloidal sub- 
stances, and can exist neither as a chemical compound with 
cellulose nor as its transformed product. On the other hand, 
Cross and Bevan (’01) hold that lignocellulose (lignin) is a 
complex of normal cellulose with two bodies, the one a fur- 
furol-yielding group, the other an aromatic or benzenoid 
group. Thus the chemistry of the lignocelluloses is such an 
open question that the decomposition products produced by 
enzymes from fungi are still worthy of attention. 

Our knowledge of the decay of wood induced by fungi prac- 
tically began with the fundamental researches of Hartig (’78) 
who has furnished extensive data concerning the parasitic 
and saprophytic fungi destroying the most important species 
of wood. He has shown that a radical change in the lignified 
walls is wrought by the fungus, and that in the first stages of 
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decay the wood gives a blue color with zinc chloriodid, after 
which there is a maceration or loosening of the affected walls. 
That the penetration of the walls by the hyphae is the result 
of the excretion of active fluids by the fungus was also brought 
out in this work. 

Not only do basidiomycetous fungi attack the lignified walls, 
but certain filamentous fungi cultivated on wood will pene- 
trate. Miyoshi (’95) found that Penicillium and Botrytis 
penetrated the tracheids of the coniferous wood by boring 
through the bordered pits, while Marshall Ward (’98) showed 
that by growing Penicillium in pure culture on blocks of 
spruce, the fungus could bore deep into the wood by follow- 
ing the medullary rays in which there was reserve starch. 
After these more easily assimilable foods are used up the 
membranes themselves are attacked. Czapek (’99*) made 
similar observations simultaneously with Ward. Hartig ob- 
served that the starches disappeared very soon in the presence 
of the mycelium, as compared with the dissolution of the 
lignin, which becomes the predominant activity of the fungus. 

Czapek (’99*) observed that, with alcohol or benzol, a great 
mass of hadromal can be extracted directly from wood which 
is destroyed by the inroads of the mycelium of Merulius 
lacrymans, as well as from the wood penetrated by the mycelia 
of Polyporus adustus, Pleurotus pulmonarius, P. ornatus, and 
Armillaria mellea. From sound wood he obtained relatively 
little hadromal. The alcoholic extract from the decayed wood 
gives an exceedingly intense red color with phloroglucin acidi- 
fied with hydrochloric acid. This hadromal test is a perma- 
nent thing in all stages of the decay. The test for cellulose 
by the zine chloriodid begins to appear before the dissolu- 
tion of the membrane. Czapek concludes from this that 
through the action of the fungus the cellulose-hadromal ether 
is broken, and the cellulose and the hadromal are free to give 
their individual reactions. To demonstrate that this activity 
is enzymic, Czapek prepared an extract of the mycelium of 
Merulius lacrymans and Pleurotus pulmonarius from natural 
cultures. Shavings in this extract were incubated at 28°C. 
There was a gradual action, and after 14 days an alcoholic 
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extract of these shavings gave a strong hadromal test with 
phloroglucin and hydrochloric acid. The extracted wood 
gave the purple reaction with chloriodid of zinc. The fungous 
extract lost its activity when boiled. It could be precipitated 
with alcohol and thus yielded a white powder. He called the 
active principle ‘‘hadromase.’? Von Schrenk (’00, p. 12) 
isolated the same enzyme from the mycelium of Polyporus 
subacidus growing in spruce wood. 

After taking into consideration the different types of wood 
decay, it would seem that ‘‘hadromase’’ is a misnomer, since 
it does not act upon hadromal but upon lignin. In some forms 
of decay, such as the action of Trametes Pini upon pine (see 
Hartig, ’78, p. 36, and von Schrenk, ’00*), the white rot of 
the red cedar produced by Polyporus jumiperinus (see von 
Schrenk, ’00, p. 9), and the action of Thelephora perdiz on 
the oak, as reported by Helbig (’11) the hadromal and 
other bodies are split up and used by the causal organism, 
leaving pure white cellulose. Should an enzyme which acts 
on hadromal, or the soluble substances giving this red phloro- 
glucin test ever be isolated in these cases, it would lead to a 
confusion in nomenclature. It is proposed that ‘‘ligninase”’ 
be used to designate the enzyme capable of splitting lignin. 

A lengthy list of papers may be cited which deal with 
timber-destroying fungi and which refer in a direct or indirect 
way to the lignin-splitting enzyme. Among these publications 
which have not been cited above may be mentioned the work 
of Biffen (’01) on the bioiogy of Bulgaria polymorpha, of 
Marshall Ward (’97) on cultures of Stereum hirsutum, of 
Buller (’05) on the destruction of paving blocks by Lentinus 
lepideus Fr., and (’06) Polyporus squamosus as a wood de- 
stroyer, of Falck (’09, 12) on the dry rots of Lenzites and 
Merulius, of Wehmer (’12, ’14), and various papers by von 
Schrenk (’00, ’00*, ’00°, 01, 03, 14, 14°). Whether the 
authors mentioned here have isolated the enzyme or not, it 
is probable a priori that the lignin-splitting enzyme is present 
in the fungi with which these papers deal. 

Since Lenzites saepiaria produces a typical brown rot sim- 
ilar to that produced by other dry rot fungi, such as Merulius 
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lacrymans, I was interested in the stages of decay and the 
enzymes involved in the destruction of the wood. In addition 
to the study of the enzymes, observations were made on the 
microchemical reactions of the sound, and various stages of 
the decayed, wood. These last are reported in this paper im- 
mediately after the discussion of the cytolytic enzymes, for 
the decay is more directly a result of these enzymes. 

The following are the experiments carried out in the labora- 
tory to determine the production of ligninase by Lenzites, and 
incidentally showing the action of cellulase. 

One gram of fine shavings of the sap-wood of Pinus echinata 
was placed in each of 3 test-tubes. The shavings had pre- 
viously been soaked in distilled water for 48 hours to remove 
as much of the soluble substances as possible, and subse- 
quently dried. To 1 tube were added 15 cc. of the enzyme dis- 
persion from the mycelial meal and 15 ce. of distilled water, 
to the second tube 30 cc. of distilled water, and to the third 
15 cc. of distilled water and 15 cc. of the enzyme dispersion 
which had been autoclaved up to 10 pounds pressure. To all 
a few drops of toluol were added. 

Fifteen days later the liquid was decanted from the shav- 
ings and filtered. The shavings were boiled in absolute 
alcohol for 10 minutes, after which the aleohol was decanted 
off and tested for Czapek’s hadromal. With the addition of 
phloroglucin and hydrochloric acid, the first gave a pink color, 
while the second and third gave clear, colorless tests. 

Some of the sections (shavings) were subsequently stained 
with phloroglucin and hydrochloric acid and others with 
chloriodid of zinc. Shavings from the first tube were stained 
a deep red with phloroglucin and hydrochloric acid, but with 
chloriodid of zinc there was a yellowish color given to all the 
layers of the walls. Shavings from the second and third tubes 
gave the same color reaction with the phloroglucin as those 
from the first tube, but with the zinc chloriodid the lamella 
next to the lumen was stained a light purple, while the outer 
lamellae of the wall took a yellowish color. These reactions 
show conclusively that hadromal is split off in the presence 
of an enzyme preparation from the mycelium of L. saepiaria; 
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that the same enzyme preparation is capable of hydrolyzing 
the free cellulose of the inner lamellae and leaving only such 
substances as will give a yellow reaction with chloriodid of 
zinc; and that the active substance in the preparation is 
thermolabile. 

The aqueous solution, just as it was filtered from the shay- 
ings, reduced Fehling’s solution; that from the second and 
third tubes reduced Fehling’s somewhat, but in comparison 
not so strongly as that from the first. Thus, quantitative de- 
terminations were made to decide whether the reducing sub- 
stances were due to enzyme action or possibly to the presence 
of other reducing substances already in the wood, as, for in- 
stance, tannins. 

To this end 10 ce. of the aqueous solution from each were 
placed in Erlenmeyer flasks of 125 cc. capacity. A fourth 
determination was made as a control on the Fehling’s solu- 
tion. The determinations of reducing sugars were made as 
glucose by the Shaffer method (’14). Table vm gives the 
results obtained : 


TABLE VIII 


REDUCING SUGARS DUE TO ENZYME ACTION OF LENZITES SAEPIARIA 
ON PINE SHAVINGS IN 15 DAYS 




















Tube Reducing Net 
number Experiment substances} above 
as glucose | controls 
1 1 ine + 15 cc dispersion + 15 cc. es bet 
. pin . enzyme 
Sistilled Mss ctecuce od beUhesssaatkncenm ae 10.606 8.973 
: ee re LaacR Be Se Pilsen 
ine cc.enzyme dispersion (aut 
ois OE CE WIN. co ccbcccctccesderenee BL cevccues 
a Fehling’s solution alone...............-.0.s00.: Negligible | ........ 





The results obtained here show that these reducing sub- 
stances are due to enzyme action, and that they must be 
sugars, probably glucose and other monosaccharides. The 
sources of this glucose may be various. There is probably 
some tannin, although slight, in sap-wood. Besides this there 
is the hydrolysis of cellulose to reducing sugars, as demon- 
strated by the experiments reported later on cellulase. Then 
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there are probably some starches of the medullary rays hydro- 
lyzed by diastase, and coniferin hydrolyzed by emulsin, yield- 
ing glucose and coniferyl alcohol. 

To amplify the results obtained above, a few pieces of a 
pine block which had been in pure culture of L. saepiaria for 
a period of 6 months were extracted with absolute alcohol for 
10 minutes, and the amber-colored extract yielded a deep red, 
with the addition of phloroglucin and hydrochloric acid. 

A quantity of wood from a railroad tie decayed by L. 
saepiaria was extracted with alcohol for 10 hours in a 
reflux condenser. The filtered alcoholic extract obtained in 
this way was of a deep amber color. When a small portion 
was diluted to 2 volumes with alcohol and tested with phloro- 
glucin and hydrochloric acid, it gave a deep sherry-red. When 
the alcoholic extract was evaporated to dryness a hard amber- 
like residue remained. This breaks with a conchoidal frac- 
ture, and seems to be identical with Czapek’s hadromal. 

These results on a typical brown rot are the same as those 
found by Czapek (’99*) for the brown rot produced by Meru- 
lius lacrymams; that is, there is a substance, which gives the 
lignin reaction, set free by enzyme action. In the case of 
Lenzites decay, however, the cellulose disappears as rapidly 
as it is set free, and in this respect the action is more rapid 
than in Merulius. 

The same type of experiment was repeated, using the 
enzyme dispersion prepared from the sporophoral meal, but 
there were no results worthy of mention, other than the fact 
that the shavings in all cultures gave the same tests as were 
obtained in the water control in the above series. Quantita- 
tive determinations of reducing sugars were not considered 
worth while, as the reduction of Fehling’s solution was so 
slight that no visible copper oxide was thrown down. 

Cellulase.—True or normal cellulose forms the groundwork 
of the plant cell wall in most instances. It is a complex carbo- 
hydrate of the formula (CsHi00s)n. It is distinguished by 
its great resistance to hydrolysis and its insolubility in most 
chemical solutions. To the researches of Cross and Bevan 
(701*, 06, 12), we are indebted for a great deal of our knowl- 
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edge of the celluloses. A full review of the chemistry of cellu- 
lose is given by Schwalbe (’11) in a very comprehensive way. 
It suffices to say here that the decomposition products of cellu- 
lose are mono- and disaccharides, and the decomposition may 
be brought about more or less readily, according to the com- 
plexity of the cellulose molecules, by the action of acids or 
alkalis and by the hydrolysis due to enzyme action. 

An adequate review of the literature concerning the réle 
of microérganisms and filamentous fungi in the fermentation 
of cellulose, especially in the soil, may be had by recourse to 
the papers by Kellerman and McBeth (’12) and McBeth and 
Scales (713). Much of the literature on early experiments 
with parasitic fungi and their ability to pierce the cell mem- 
brane is reviewed in the above-mentioned papers, as well as 
by Cooley (’14). Space will permit only a brief review of 
some of the more important later papers dealing more closely 
with the destruction of the true cellulose of wood fibre after it 
is set free from the lignocellulose. 

Czapek (’99*) found in the decay produced by Merulius 
lacrymans that the cellulose disappeared from the cell walls, 
and he concluded a priori that a cellulose-hydrolyzing enzyme 
was excreted by the fungus, although he was unable to demon- 
strate it experimentally. Ward (’97) observed that in the 
progress of wood destruction due to Stereum hirsutum 
the action proceeds from the lumen outward. The sound 
wood (Aesculus) gives no cellulose test, but the first signs of 
dissolution are the swelling of the layers next to the lumen 
and the separation of the lumen from the layers next to the 
middle lamellae. These swollen layers give the test for cellu- 
lose, and as they disappear the next layer becomes delignified, 
gives the cellulose test, and finally disappears. The middle 
lamellae remain untouched. Ward did not attempt to isolate 
the enzyme which hydrolyzed the cellulose. According to 
Buller (’05), wood is rotted by Lentinus lepideus in much the 
same manner as by Merulius and Sterewm. It shrinks and 
cracks on drying, and is then very brittle and friable. The 
free cellulose is removed by the fungus. 
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It seems from experiments carried out by Kohnstamm (’01) 
that the juice of Merulius lacrymans, expressed according to 
Buchner’s process, gave evidence of the existence of a true 
cellulase. He found, that after 50 hours of action of the ex- 
pressed juice on leaves of Elodea, there was a corrosion 
in the form of fine lines extending out from definite spots in 
the walls. These streaks soon became thin, and the walls 
appeared to be obliquely marked with alternate light and 
darker lines. He mentions that this corrosion in these definite 
lines, which are always in the same direction, is influenced 
apparently by the micellar structure of the cell walls. 

Buller (’06) attempted to prove the presence of cellulase 
in the sporophores of Polyporus squamosus in the following 
way: Thin sections of barley grains, which had been cleared 
of starch by means of the action of saliva, were placed in the 
fungous extract. No indication of cellulase was obtained, but 
owing to the disappearance of the cellulose from diseased 
wood, he assumed that the vegetative part of the fungus pro- 
duced abundant cellulase. 

In Falck’s (’09, p. 156) discussion of the destruction of fir, 
pine, and spruce wood by means of Lenzites, he says that in 
the beginning of the destructive stages the lignin reactions 
are decreased, and in the last stages they have almost com- 
pletely disappeared, but that the reactions for cellulose are 
negative in all stages of decay. On the other hand, in dealing 
with the same fungus Spaulding (’11) says that ‘‘phloro- 
glucin and hydrochloric acid give a bright red in the rotted 
ae Chloriodid of zinc gives a blue color only in 
part of the tissues in early stages of the disease, but in later 
ones it gives blue throughout.’’ This would seem to indicate 
that the fungus had disorganized the lignocellulose, but had 
left the free cellulose and most of the hadromal. 

Reed (13) grew Glomerella rufomaculans upon a nutrient 
solution containing strips of filter paper. There was con- 
siderably more growth in the flasks containing cellulose than 
in the controls. At the end of 2 months there was somewhat 
more than 3 times as much dry fungous matter in the regular 
as in the controls. The solution gave no tests for reducing 
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sugars, which were probably utilized by the fungus as fast 
as they were split off. : 

Wolf (’16) made poured plates of cellulose agar which he 
inoculated with species of Pseudomonas, Phoma, Gloeo- 
sporium, and Fusariwm. He says: ‘‘There was no evidence 
of the production of cellulase except by Phoma.’’ Samples of 
normal tissues and of tissues diseased by Phoma socia Wolf 
were tested for cellulose by employing Schweitzer’s reagent, 
and Wolf observes that ‘‘there is a slight but significant de- 
crease in the amount of cellulose found in diseased tissues.’’ 
A considerable number of determinations consistently showed 
that ‘‘the lesser amount of cellulose was invariably found in 
the diseased tissue.’’ 

Further experiments were instituted, since it was clear from 
microchemical tests and from the above experiments on lig- 
ninase that cellulose of attacked wood disappears. In order 
to test out the action of the enzyme preparations on normal 
cellulose, pure cellulose from two sources was prepared. 
One was prepared from filter paper in the way described by 
McBeth and Scales (’13) and later by Cooley (’14). Fifteen 
grams of filter paper were dissolved in Schweitzer’s reagent 
and precipitated with dilute hydrochloric acid. After wash- 
ing thoroughly with dilute acid to get rid of all of the copper 
and then with distilled water to get rid of all of the chlorine, 
a very flocculent cellulose precipitate was obtained. The 
water was filtered off with a Buckner funnel until the cellulose 
suspension was concentrated to about 500 cc. This was trans- 
ferred to a liter flask which was plugged and sterilized. 

Another type of pure cellulose was made from pine wood. 
A quantity of fine pine shavings were treated with a cold solu- 
tion composed of 30 grams of potassium chlorate dissolved in 
520 ce. of nitric acid (sp. gr.1.1). The container was kept cold 
for 4 weeks, after which time the cellulose was washed and 
then precipitated from Schweitzer’s reagent, as in the above 
case. It was sterilized and kept for future use, as was the 
filter paper cellulose. 

Several types of cellulose agar were prepared, using both 
the filter paper cellulose and the pine wood cellulose. Some 
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standard nutrient solutions for the artificial culture of fungi 
were used as a basis for these, such as: 

(1) Richards’ (’97) solution, substituting 100 cc. of the 
2 cellulose suspensions for cane sugar and adding 2 grams of 
agar. 


WROD 5.5 6s 6 Voevan ees 10 gram 
REE Sr erie a ae 0.5 gram 
PE Sioa ween sees ecees 0.25 gram 
FeeCls Res ay ay marie ap ae rer 0.002 gram 
Cellulose suspension..... 100 ce. 
WEE oi 4as ence se cecees 2 grams 
(2) Cooley’s solution ‘‘A,’’ just as given by Cooley (14, 


. 306). 
J (3) Reed’s solution, as given by Reed ('13, p. 69), with 
the exception of using one-half as much distilled water to- 
gether with 500 cc. of cellulose suspension and 2 per cent agar. 

On any of.these agars L. saepiaria grows very slowly and 
without producing much of a mat. Wherever cellulose 
hydrolysis could be seen it was very, very slight, and this was 
only in cases where the pine wood cellulose was used. 

Since these experiments gave such meagre results 2 per 
cent agars were made, using dilute extracts of carrot, turnip, 
and potato as bases and using cellulose suspensions in ap- 
proximately the same concentrations as in the above. In this 
series of experiments the cloudiness of the agar due to cellu- 
lose suspension was cleared up noticeably in one case only. 
This was where carrot-pine-wood-cellulose agar was used. 
The agar was tubed and sterilized in test-tubes of 13 mm. 
diameter. The agar was not slanted, and after inoculation 
the tubes were kept in a damp chamber so that the water con- 
tent of the agar would remain the same throughout incuba- 
tion. These tubes were kept at a temperature of 32°C. for 
4 weeks. After this length of incubation the agar had cleared 
to an average depth of 9 mm. in the inoculated tubes where 
carrot-pine-wood-cellulose agar was used. The uninoculated 
tubes were still uniformly cloudy. There was no hydrolysis 
in the tubes where carrot juice was not used. The most sig- 
nificant fact brought out in this series of experiments is that 
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the pine wood cellulose is hydrolyzed by the cellulase excreted 
by ZL. saepiaria, while the filter paper cellulose remained 
untouched. 

Experiments with the enzyme dispersion were set up accord- 
ing to the scheme as outlined in table rx. All of the experi- 
ments were set up in duplicate with both sporophoral and 
mycelial dispersions. Toluol was used as an antiseptic, and 
qualitative results were taken after 4 weeks. 


TABLE IX 


QUALITATIVE EXPERIMENTS SHOWING THE ACTION OF MYCELIAL AND SPo- 
ROPHORAL ENZYME DISPERSIONS ON FILTER PAPER CELLULOSE 
AND PINE WOOD CELLULOSE 














Reduction of Fehling’s solution 
Experiment 
Mycelium Sporophore 
10 cc. paper cellulose +2 cc. dispersion.......... + + + 
10 cc. pine cellulose +2 cc. dispersion. ++++ 


10 cc. pine cellulose + 2 cc. dispersion (autoclaved 
10 cc. paper cellulose +-2 cc. maf aera 
10 cc. paper cellulose + 2 cc. distilled water........ 
10 cc. pine cellulose + 2 cc. distilled water........ 





| | ++ 
af 
bitty 








Since such definite results were obtained with the mycelial 
enzyme dispersion in the foregoing experiments, it was de- 
termined to make quantitative comparisons of the activity of 
cellulase in the sporophoral and mycelial tissues. To this end 
a carrot extract was made as described above under ‘‘inver- 
tase,’’ and to this extract was added pine wood cellulose. This 
nutrient solution was placed in Erlenmeyer flasks, which were 
plugged, sterilized, and inoculated as described for invertase 
and diastase. The mats of mycelium formed after 2 weeks 
were removed from the flasks, dried, and ground to a fine 
powder which was used in the following way: To 50 cc. of the 
pine-cellulose suspension were added 2 grams of the mycelial 
powder with toluol as an antiseptic. Some of the mycelial 
powder was autoclaved, and controls on the above were pre- 
pared with this autoclaved powder as well as with distilled 
water alone. These experiments were set up in duplicate. A 
parallel series was prepared using the sporophoral tissue 
powder. After incubating these enzyme cultures at about 
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98°C. for 4 weeks the sugar content of the substrates was de- 
termined as glucose by the Shaffer method already mentioned. 
The results of these determinations are reported in table x. 

In the light of these results, there is no doubt that ceilulase 
is present in the mycelium of Lenzites and that its activity 
can be measured quantitatively. The little activity shown 
in the fruiting bodies is probably due to the small amount of 
superficial mycelium which was removed from the substrate 


TABLE X 


QUANTITATIVE DETERMINATIONS OF SUGAR PRODUCED BY THE CELLULASE 
OF LENZITES SAEPIARIA 





Reducing sugar as glu- Net gl 
Amount of tissue powder in cose in 50 cc. of su marca 
50 cc. of pine wood-cellulose strate after 28 days above controls 


suspension 
Mycelium | Sporophore | Mycelium | Sporophore . 
2 grams powder................ 6.419 0.99 3.211 0.38 


2 grams powder (autoclaved)... . 3.028 Dee td Ane cece spdeetees 
Cellulose suspension alone....... ES Pee: ee 























when the sporophores were collected. It is almost impossible 
to get purely fruiting tissue without some such closely con- 
nected vegetative tissue, and it is also impossible to say 
whether or not the enzymes diffuse from the adjacent myce- 
lium to the base of the fruiting bodies. 

A series of quantitative cellulose determinations has been 
made to establish further the cellulase activity in L. saepiaria. 
It was thought that possibly there might be established some 
relation between the percentage in reduction in weight due 
to decay by the fungus and in the loss in cellulose due 
to the cellulase, or some relation between either of these 
and the specific weight of the substrate. But three de- 
terminations with their controls have been made. Blocks 
of yellow pine, approximately 1x1 2 inches, were dried to 
constant weight and weighed, and the volumes were taken by 
immersion in mercury. From these figures the specific weight 
was computed. These blocks were sterilized in jars plugged 
with cotton, inoculated with L. saepiaria, and incubated under 
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favorable moisture and temperature conditions for one year. 
After this period they were dried, and the percentage of re- 
duction in weight due to fungous decay was determined. Con- 
trol blocks of the same specific weight and from the same 
samples were kept in a sound condition. 

To make the cellulose determinations the blocks from the 
cultures and the controls were planed into fine shavings. All 
of the shavings from each sample were placed in a 250-ce. 


TABLE XI 


QUANTITATIVE DETERMINATIONS OF CELLULOSE FROM BLOCKS OF PINE WOOD, 
BOTH SOUND, AND DECAYED BY LENZITES SAEPIARIA 
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42] § | sb) Se 33s age| S83 /2 3| 253 
gm. gm. gm. 
Os Decayed | .424 | 13.373 | 6.973 | 47.86 | 0.9563 | 13.714 | 43.057 
O5 Sound e OSE ee Ree Perey 2.0592 | 24.084 |........ 
F5 Decayed | .419 | 12.580 | 8.494 | 32.48 | 1.2952 | 15.248 | 38.187 
FS Sound S BRS Se RRS Rees 2.3066 | 24.668 |........ 
A24 Decayed | .547 | 12.418 | 5.84 52.97 | 0.1943 | 3.327 | 75.654 
A24\| Sound © 2S 3 ere eee 0.9703 | 13.666 |........ 





Erlenmeyer flask containing about 125 ce. of the solution of 
potassium chlorate in nitric acid mentioned above. These 
were placed in an ice chest for 3 weeks, after which time the 
contents of each flask was diluted to about 3 liters. The di- 
luted liquid was thus weak enough not to attack a filter paper 
while filtering. The liquid was filtered off through a Buchner 
funnel containing a tared filter paper. The cellulose thus ob- 
tained was repeatedly washed with hot distilled water until 
it was of a pure white color and gave a deep blue reaction with 
zine chloriodid. In all cases the yield of cellulose was so clear 
of foreign material that it was deemed unnecessary to precipi- 
tate from Schweitzer’s reagent. After drying and weighing, 
the percentage loss in cellulose due to the action of the fungus 
was determined. The different factors in this experiment are 
tabulated in table x1. 

In these 3 determinations there seems to be no definite re- 
lation between the percentage loss of cellulose and the percent- 
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age reduction in weight due to fungous decay. This may be 
due to different proportions of lignification in the different 
samples, or more likely, since other substances like coniferin, 
hadromal, and possibly vanillin are utilized by the fungus, the 
total reduction would not necessarily bear any definite rela- 
tion to the reduction of any one of the complex. Helbig (’11) 
has made similar cellulose determinations on wood which had 
been altered by Thelephora perdiz. This fungus produces a 
white rot, and Helbig found that with the advance of decay 
the percentage of cellulose increases perceptibly. 

Hemicellulase——The hemicelluloses differ from the true 
celluloses in that they are more easily hydrolyzed, are readily 
dissolved in hot dilute acids, and sometimes give a blue color 
with iodine. Their chemical compositions are determined by 
the products of their hydrolysis. They may yield dextrose, 
mannose, galactose, or mixtures of these, and at times xylose 
or arabinose. According to these decomposition products, 
they are differentiated into dextrans, mannans, galactans, 
mannogalactans, etc. Very frequently hemicelluloses are de- 
posited upon, or as a part of, cell walls, and here play the rdle 
of reserve foods, especially in seeds. 

Newcombe (’99) determined that the cellulose-hydrolyzing 
enzyme is distinct from other carbohydrases. Schellenberg 
(08), through experiments on numerous fungi, also proved 
that pure cultures grown on substrates containing hemicellu- 
loses and true celluloses would hydrolyze hemicelluloses but 
not the true celluloses. He also shows that the moulds act 
selectively toward the hemicelluloses from various sources. 
He thus differentiates between the different hemicellulases 
which act on various hemicelluloses, and the cellulase which 
hydrolyzes the true cellulose. 

To ascertain whether the enzyme dispersions from mycelium 
and sporophores are active as hemicellulose-hydrolyzers, the 
endosperm of the date seed (Phoenix dactylifera) was used as 
a substrate. 

Date seeds were scraped to remove the outer coats, and then 
were thoroughly washed with sand and soap to remove all 
reducing sugars possible. The seeds were then rinsed in dis- 
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tilled water, cracked, and the embryos removed. The hemi- 
cellulose thus prepared was autoclaved in distilled water at 
12 pounds pressure for 20 minutes to kill all enzymes present, 
The water was again decanted off, and the endosperms rinsed 
and allowed to remain in distilled water with toluol to pre- 
serve for future use. 

Van Tieghem cells were prepared, and very thin slices of 
hemicellulose were suspended in hanging drops of enzyme dis- 
persion, as follows: 

(1) Eight cells with hanging drops of mycelial dispersion. 
(2) Eight cells with hanging drops of sporophoral disper- 
sion. 

(3) Four cells with hanging drops of autoclaved mycelial 
dispersion. 

(4) Four cells with hanging drops of autoclaved sporo- 
phoral dispersion. 

(5) Four cells with hanging drops of distilled water. 

In the bottom of each cell was placed enough of the solu- 
tion of the same vapor tension as the hanging drop, so that 
evaporation of the drops was prevented. A drop of chloro- 
form was added to each cell as an antiseptic. These cells were 
examined from time to time, but no sign of the erosion of the 
hemicellulose was noticed until after 25 days. There was a 
slight indication of erosion in five of the drops of mycelial 
dispersion. The other three were contaminated with bacteria 
and showed slight erosion. There was no erosion in the con- 
trols except in one contaminated with bacteria. After 40 days 
three of the five drops of mycelial dispersion observed 2 weeks 
before were still perfectly aseptic, and two had dried down. 
The pieces of hemicellulose in the three cells were strongly 
eroded. In places only a granular substance was left. 
When the cover glasses were removed from these three cells 
there was a strong odor of chloroform still remaining in each. 
That they were perfectly aseptic was proven by removing from 
the drop what remained of the slice of hemicellulose, drying 
down the hanging drops on the cover slips, and flaming and 
staining the smear with gentian violet. There were no bac- 
teria or fungi present. There was no erosion in any of the 
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cells containing the enzyme preparation from the sporophores 
nor in the cells containing the mycelial dispersion which had 
been autoclaved. These results go to show that there is hemi- 
cellulase in the mycelium of L. saepiaria but not in the tissues 
of the fructifications. ; 

Another experiment was conducted as follows: Four test- 
tubes each were prepared with mycelial and sporophoral dis- 
persions in the following manner: 

(1) 0.5 gm. hemicellulose+10 cc. enzyme preparation-+-to- 
luol. 

(2) 0.5 gm. hemicellulose+-10 cc. enzyme preparation-+to- 
luol. 

(3) 0.5 gm. hemicellulose+10 cc. enzyme preparation 
(autoclaved) +toluol. 

(4) 0.5 gm. hemicellulose+10 ce. distilled water+toluol. 


These were incubated at 25-30°C. for 25 days, after which 
the liquid was filtered off and 5 cc. from each were tested with 
Fehling’s solution for reducing sugars. Numbers 1 and 2 
showed slight reduction of copper produced by the mycelial 
dispersion but not by that from the sporophores. In the con- 
trols no copper oxide could be detected. 


From these results it is certain that the mycelium contains 
the enzyme, hemicellulase, capable of hydrolyzing the hemi- 
cellulose of the endosperm of Phoenix dactylifera. This hemi- 
cellulose is a paragalactan, which, on hydrolysis, yields a mix- 
ture of galactose and arabinose, both of which reduce 
Fehling’s solution. 

Pectase and pectinase—Closely allied with cellulose is a 
group of substances called pectic bodies. Pectose is the name 
given to the parent substance of bodies, such as pectin, pectic 
acid, etc. Many fruits, such as apples, gooseberries, currants, 
cranberries, and fleshy roots—such as carrots—contain a sub- 
stance soluble in water but gelatinizing in alcohol. This sub- 
stance which causes the juice of fruits to ‘‘jell’’ is known as 
pectin. A solution of pectin gelatinizes on standing, probably 


due to the action of the enzyme, pectase, contained in the 
fruit juice. 
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Mangin (’92, ’93) investigated the pectose group of sub- 
stances and divided them into two groups: first, neutral 
bodies varying in their solubility in water from pectose, which 
is insoluble and closely resembles cellulose, to pectin, which 
is soluble but readily forms a jelly; second, acid bodies, chiefly 
pectic acid, the latter occurring as calcium pectate, forming 
the middle lamellae of plant tissues. The enzyme which is 
capable of hydrolyzing the pectic bodies is generally termed 
pectinase, while the one causing coagulation is pectase. 

It is a well-known phenomenon in certain types of decay that 
the middle lamellae disappear. As early as 1886, de Bary 
(’86) observed that the mycelium of Peziza sclerotiorum was 
capable of penetrating cell walls and gelatinizing them. The 
juice of the sclerotia of this fungus had the power to dissolve 
the middle lamellae and gelatinize the inner layers of the 
cell walls of turnips and carrots. The enzyme preparation 
precipitated from the juice by means of alcohol affected the 
cell walls in the same way. 

Ward (’88) observed the macerating action of the Botrytis 
causing the lily disease. These observations were made on 
sections of the leaves, petioles, and ovary of the lily. The 
middle lamellae underwent dissolution in a few hours when 
placed in aqueous extracts of the fungus. Since Jones (’05) 
and Cooley (’14) have so amply reviewed the earlier work in 
this field, it will not be discussed further in this paper. 
Cooley (’14) shows that in tubes containing pectin a coagulum 
was produced by Sclerotinia cinerea, thus showing the excre- 
tion of pectase by this fungus, which, nevertheless, shows no 
particular affinity for the middle lamellae. On the other 
hand, Brown’s (’15) work with Botrytis cinerea shows this 
fungus to possess the power of dissolving the middle lamellae. 
The enzyme extract prepared from very young mycelia 
brought about a very rapid disintegration in the tissues of 
potato, turnip, beet, apple, etc. Discs of these tissues were dis- 
organized in from 15 to 90 minutes. The death of the cells 
did not take place until some time after they had been 
separated by the solution of the middle lamellae. The activity 
of the extract was destroyed by heat. 
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No work on wood-destroying forms has demonstrated the 
presence of an enzyme capable of disorganizing the middle 
lamellae, although many of the decays show maceration. 
Spaulding (’11) says that in the last stages of decay pro- 
duced by Lenzites saepiaria the middle lamellae have disap- 
peared. 

Since it was found in microchemical observations that the 
middle lamellae of the wood decayed by L. saepiaria were dis- 
solved out, it was attempted to demonstrate pectase and pecti- 
nase experimentally. Pectin was prepared in the usual way 
by the action of alcohol on the juice expressed from cran- 
berries. Pectase from the carrot coagulated this pectin, but 
only negative results were obtained with the enzyme disper- 
sions from DL. saepiaria. Further experiments were con- 
ducted to determine the macerating power of the dispersions 
on various tissues. 

Slices of carrot, potato, and beet were cut to a uniform 
thickness. From these slices discs were cut by means of a 
cork-borer, and similar discs were also prepared from very 
young tobacco leaves. As a source of enzymes, the mycelial 
powder prepared from mycelium grown on carrot juice was 
used. Two grams of this powder were soaked in 50 ce. of 
distilled water for 5 hours, after which the liquid was 
decanted off. The four kinds of discs mentioned above were 
placed in portions of this liquid in closed stenders and a few 
drops of toluol added to each. Discs were also kept in dis- 
tilled water as controls. Observations were made after 18 
hours. Carrot discs in the mycelial extract had lost in coher- 
ence in comparison with those in the distilled water. When 
pulled apart the latter were torn as much across the cells as 
following the cell walls, while in the former the separation fol- 
lowed the line of the cell walls. Beet discs showed no macera- 
tion whatever after 18 hours. Potato discs showed a more 
marked maceration than the carrot. The potato had become 
very flaccid in the extract. The discs of tobacco leaves 
showed no loss of coherence. After 42 hours the carrot discs 
and potato discs had lost all coherence, and the cells were 
easily pressed apart under a cover glass. In the controls in 
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distilled water there was no diminution of coherence of the 
tissues. Thus, the presence of pectinase may be demonstrated 
in the mycelium of L. saepiaria, while there are no indications 
of the presence of pectase. 

The effect of the cyto-hydrolyzing enzymes as demonstrated 
by microchemical observations on the sound and decayed 
wood.—Pine wood is composed of tracheids with one row of 
bordered pits in the radial walls. The annual rings are 
usually well differentiated into spring and summer wood, 
especially in the heart. Resin ducts occur among the 
tracheids, extending longitudinally, as well as radially, in the 
medullary rays. The resin ducts are surrounded with wood 
parenchyma. The sap-wood is lighter in color than the heart, 
probably due to oxidation, since the lumen of the heart 
tracheids are well aérated, as well as to the presence of tan- 
noid bodies which become darker with continued exposure to 
air. The sap-wood, of course, is not so thoroughly lignified 
as the heart-wood, and often the inner lamella gives the cellu- 
lose test with zinc chloriodid. 

The wood that has been attacked by L. saepiaria is darker 
in color than the sound wood; it is also very brittle and when 
crushed between the fingers breaks into a fine powder. It is 
evident that marked changes take place in the wood due to 
the action of enzymes produced by the fungus. To determine 
what some of these changes are and something about their 
sequence, I resorted to microchemical tests. To this end sec- 
tions of sound wood and wood in various stages of decay were 
examined. Free-hand sections were made longitudinally, but 
in the later stages of decay it is impossible to cut transverse 
sections because of the brittle character of the tissues. Small 
pieces, carefully cut down to 0.5-cc. cubes, were imbedded in 
celloidin, and from these then the free-hand, transverse sec- 
tions were cut. 

The sound sap-wood gave the following tests: 

(1) An alcoholic solution of phloroglucin with an addi- 
tion of hydrochloric acid gave a deep red in the middle 
lamella, dark red in the secondary, and pink in the tertiary 
lamella. 
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(2) After soaking sections in iodine and then treating 
with 65 per cent sulphuric acid, the secondary lamella was a 
yellow to brown color, with a purple lining in the early spring 
wood. 

(3) Chloriodid of zinc gave a brown coloration both in the 
spring and summer wood, with a slight blue tint lining the 
tracheids in the sap-wood. 


(4) Aniline sulphate produced a bright yellow which in- 


creased in intensity from spring to late summer wood. 

(5) After treating with potassium hydroxide for some 
time and then applying the cellulose tests the following results 
were obtained: 


(a) After continued action of iodine followed by the 
addition of sulphuric acid, the inner or tertiary lamella 
was swollen and shrunken away from the secondary, the 
former assuming a purple color. 


(b) Chloriodid of zine colored the swollen tertiary 
lamella blue, while the main part of the wall was brown. 


(6) Resorcin and sulphuric acid gave a violet to blue re- 

action in the lignified walls. 
_ When these same tests were applied to the decayed wood 
some difficulty was found, especially where the tests yield 
yellow or brown, because the tissues were decidedly brown in 
the last stages of decay. If a transverse section is made 
through a decayed portion of wood so as to include a part of 
the sound, normal wood, the progressive stages of decay may 
be followed by applying the above stains. 

When phbloroglucin and hydrochloric acid are applied to 
such a section, it is noticed that chemical changes have pre- 
ceded any visible or microscopical changes in structure. In 
the sound wood the secondary and tertiary lamellae are 
stained a dark red, while the middle lamella is a still darker 
red. A little nearer the edge of the decayed region the red 
has changed to a maroon or brownish red in the tertiary 
lamella. As we proceed nearer to the decayed portion this 
maroon increases until the secondary lamella is all brownish 
red, and the middle lamella only remains the brighter red with 
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this stain. In radial sections it may be noticed that this 
maroon discoloration starts from the bordered pits, especially 
if they are perforated with fungous hyphae. The hyphae seek 
the bordered pits, these apparently serving as the only places 
where the hyphae pass from one lumen to another. 

In the tangential section the discoloration in the earliest 
stages occurs only in the neighborhood of the medullary rays. 
While this discoloration is taking place the tertiary lamella 
first contracts and then practically disappears. The second- 
ary lamella likewise shrinks as it takes on this brownish red 
color. This must be due to the gradual hydrolysis of cellu- 
lose and probably the simultaneous hydrolysis of coniferin 
through the action of emulsin. The secondary lamella shrinks, 
but in the last stages of decay there are still brown, fragile 
remains of this layer, together, undoubtedly, with infiltrated 
by-products from the decayed middle and tertiary lamellae. 
The middle lamella seems to disappear almost simultaneously 
with the decay of the secondary. 

With chloriodid of zinc the decayed wood gives the same 
test as in the sound wood, a brown color. This is true in all 
stages of decay. There is no indication of free cellulose at 
any time during decay. Partially delignified sections, cut 
from the same surface as the sections on which the above 
lignin tests were made, were treated with a 5 per cent potas- 
sium hydroxide for some time. On the addition of chloriodid 
of zine the lamellae yielded a purplish blue reaction, where 
only partially delignified by the fungus; but where decay was 
complete a brown color was obtained. These results show that 
the first step is the splitting of lignin, and simultaneously 
with this there is a complete hydrolysis of the cellulose as 
fast as it is set free. Undoubtedly some of the substances 
giving the lignin reaction are also used up. 

Other lignin tests gave similar results. The action of ani- 
line sulphate was marked. The sound wood was colored yel- 
low, and as the diseased region was approached the color be- 
came browner, although the yellow element did not seem 
to be lost entirely. Indications are that in the decayed wood 
some of the substance that gave the lignin reaction still 
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remained. This was easily extracted and is what Czapek has 
called ‘‘hadromal.’’ The iodine-sulphuric acid test for cellu- 
lose corresponds well with what we found with zinc chloriodid 
—a light brown color. 

Our microchemical tests applied to the decayed wood sub- 
stantiate in the main the results obtained with the enzyme 
dispersions and other enzyme preparations, i.e., that cellulase 
and ligninase are secreted by L. saepiaria. Pectinase is both 
demonstrable in vitro and in nature, the pectinase of the 
middle lamella disappearing with the action of the fungus. 

A point of further interest is the composition of the brown 
substance left after the complete decay of the tracheids. This 
is a brittle substance which is easily crushed into a fine brown 
powder. A quantity of this brown material secured from the 
decayed cavities of an old railroad tie was ground as finely 
as possible in a mill, and to this powder was added a dilute 
alkali. After soaking for 2 days the alkali was filtered off, 
and by adding acid to the filtrate a flocculent precipitate was 
thrown down. When dried down this precipitate shrinks and 
cracks. It is insoluble in chloroform, alcohol, ether, acetone, 
and petroleum ether, but is readily redissolved in alkali and 
may be reprecipitated with acid. This substance partakes of 
the nature of ‘‘humus’’ compounds. The remainder of the 
brown powder is much like ‘‘peat.’’ 

In the disease of Taxodium distichum known as ‘‘pecky’’ 
cypress, von Schrenk (’00°) found a similar substance which 
he called a humus compound. In the case of Taxodium the 
humus compounds are in a liquid form, and thus are deposited 
in the tracheids where the mass dries and cracks, ‘‘looking 
much like mud which has dried in the sun.’? The humus 
liquid infiltrates into the sound wood immediately surround- 
ing the decayed spots and darkens the wood in the decayed 
regions. Undoubtedly, the humus compounds found in wood 
decayed by Lenzites and by the fungus causing the peckiness 
of cypress are a direct result of the activity of the enzymes 
concerned in the decay. 

It was mentioned above that in the process of delignification, 
ete., the shell of the tracheids remaining after the last stages 
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of decay shrinks and cracks. The cracks in the walls always 
follow the same general direction and seem to begin with the 
bordered pits. The slits are spiral in form and pass obliquely 
across the pits from left to right upwards. By changing the 
focus these lines are from right to left upwards on the farther 
wall of the tracheid. Von Schrenk (’00°) also observed this 
in the tracheids of Taxodium distichum infected with ‘‘pecki- 
ness.’’ In the erosion of the cell walls of Elodea leaves, due 
to the action of an enzyme preparation from Merulius lacry- 
mans, Kohnstamm (’01) noticed that the action took place in 
definite lines. He is inclined to believe that this is due to the 
micellar structure of the cell walls. 

In general, the Lenzites decay is of the same type as that 
produced by Merulius lacrymans and reported on by Czapek 
(’99), but the hydrolysis of the cellulose is much more rapid 
in the former. In contrast to this type we have the other ex- 
treme represented by the pin rot of pine due to Trametes 
Pini, the white rot of cedar due to Polyporus juniperinus, and 
the rot of oak produced by Thelephora perdiz. In this case, 
as mentioned before, all substances are used by the fungus 
with the exception of cellulose which is left as a pure white 
by-product. 

INULINASE 

Inulinase was discovered by Green (’88) in the Jerusalem 
artichoke (Helianthus tuberosus). It was first demonstrated 
in fungi by Bourquelot (’93) who found it in Aspergillus 
niger, but later with Hérissey (95) did not find it in the sporo- 
phores of Polyporus sulphureus. Dean (’03) verified Bour- 
quelot’s work with Aspergillus niger and Penicillium glaucum 
and found inulinase to be an intracellular enzyme. Dox (’10) 
reported that Penicilliwm Camemberti had slight action on 
inulin unless cultivated on a substrate containing inulin as the 
source of carbon. In this case inulinase was produced more 
abundantly. 

In our experiments with Lenzites the enzyme preparations 
from the mycelium and the sporophores were used. To 10 cc. 
of a1 per cent solution of inulin 2 cc. of the enzyme dispersion 
were added and toluol used as an antiseptic. There was a 
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marked reduction of copper oxide from Fehling’s solution 
after 2 days of incubation at 25-30°C., while the boiled con- 
trols and water controls showed no reduction. The inulinase 
seemed to be quite active in both the mycelium and sporo- 
phores, but no quantitative comparison was made. 


AMIDASE AND UREASE 


Since we found positive proof of the presence of tryptic 
and ereptic ferments in the fungus, the next logical step in 
sequence was to ascertain whether amidases were present, for 
protein digestion normally proceeds further than to the pep- 
tone stage and results in the amino acids, which, digested by 
amidases, yield ammonia and hydroxy-acids. 

In the lower fungi these desamidizing enzymes have been 
found by many workers. Butkewitsch (’03) found by growing 
cultures of Aspergillus, Penicillium, and certain species of 
Mucor on liquid media, containing proteins that ammonia is 
liberated; and in the following year Shibata (’04) found in 
a ‘‘Dauerpraparat’’ of the mycelium of Aspergillus niger an 
enzyme which split ammonia from different nitrogen-contain- 
ing substances, while Pringsheim (’08) found the same enzyme 
present in ‘‘Acetonedauerhefe.’’ Dox (’10) found that the 
enzyme preparation from Aspergillus niger and Penicillium 
Camemberti showed the power to split ammonia from aspar- 
agin and urea. Reed (’13) found very similar results by the 
action of the enzyme powder from Glomerella rufomaculans 
on asparagin and alanin. The only record of urease from one 
of the higher fungi was that reported by Kikkoji (’07) in Cor- 
tinellus edodes. 

In the experiments reported in the following tables the 
enzyme dispersions from both the mycelium and sporophores 
and also the fungous powder from both tissues were used. As 
substrates 50 cc. of 1 per cent solutions of asparagin, acet- 
amid, and urea were used. Ten cubic-centimeter portions of 
the enzyme dispersions were used in some cases, while an 
equivalent weight of the fungous meal was used where the 
enzymes were not extracted and precipitated. Autoclaved 
controls, as well as the substrates alone, were set up for each 








f 
p 
hi 
F 
E 
Ff y 
' 


490 ANNALS OF THE MISSOURI BOTANICAL GARDEN 





[VoL 3 


series, and toluol was used as an antiseptic in all cases. Each 
experiment was set up in a gas-washing bottle, which was 
fitted with rubber tubes securely stoppered. These washing 
bottles were incubated at 25-30°C. for 20 days, when the am- 
monia was determined by the Folin method. Friedrich’s im- 
proved gas-washing bottles containing 250 cc. of N/50 HCl 
were used for the collection of the ammonia. Air was drawn 
through for 1} hours by means of a Richards’ suction pump, 


























TABLE XII 
AMIDASE ACTION IN THE MYCELIUM OF LENZITES SAEPIARIA 
Nitrogen as Net 
Substrate Form of enzyme material ammonia set} nitrogen 
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TABLE XIII 
AMIDASE ACTION IN THE SPOROPHORAL TISSUE OF LENZITES SAEPIARIA 
Nitrogen as Net 
Substrate Form of enzyme material ammonia set ——e 
free set free 
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then duplicate portions of the collection acid were titrated 
against N/50 NaOH. Alizarin red was used as an indicator. 
Tables xm and xm show the results obtained. 

It is interesting to notice that urease is the only active 
enzyme in the fungus which produces desamidation, and that 
this enzyme was not extracted with water. Pringsheim (’08) 
has shown that the amidases of yeast do not pass out with the 
water extract but are tenaciously held by the protoplasm. The 
same may be the case with urease of Lenzites, and since we 
assume that the enzymes are protein-like bodies it is possible 
that urease in this case is not like the albumins, which are 
water-soluble. It may be a globulin, soluble in neutral saline 
solutions, or glutelin, soluble in weak alkali. 

It is again of interest here to notice that the enzyme is much 
more active in the mycelial than in the sporophoral tissue, 
even without considering the amount of sawdust present in 
the mycelial meal. Of course, here, as in other plants, it is 
not possible to connect the presence of urease with any use- 
ful function in the metabolism of the fungus. With our 
present knowledge of desamidation in plants the biological 
importance of urease remains unknown. 


HIPPURICASE 


The ability of the lower fungi to bring about the splitting 
of hippuric acid by enzyme action was first noticed by Shibata 
(704) in the case of Aspergillus niger. Some years later Dox 
(709) demonstrated the presence of hippuricase in other 
species of fungi, namely, Penicillium Camemberti, P. chryso- 
genum, and P. brevicaule, and he also confirmed Shibata’s 
results on Aspergillus niger. The enzyme preparation was 
the ground fungous mycelium after it had been dried by the 
usual ‘‘ Acetondauerhefe’’ method. His method of determin- 
ing the amount of hippuric acid hydrolyzed is given in a later 
paper (Dox, ’10). After hydrolysis by the enzyme the hip- 
puric acid solution, which was made up in weak sodium 
hydroxide, was mixed with the calculated amount of sulphuric 
acid to combine with the sodium. This was shaken with 
petroleum ether which dissolves out the benzoic acid. The 
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latter crystallizes when the petroleum ether is evaporated, and 
the crystals, after recrystallization from water, melted at 
121°C. and had the appearance of benzoic acid. In the con- 
trols no residue was obtained. The hydrolysis in the case of 
Penicillium Camemberti was 76 per cent. 

In 1912 Kossowicz found that enzyme preparations of As- 
pergillus niger, Mucor Boidin, Phytophthora infestans, Isaria 
farinosa, Botrytis Bassiana, and Cladosporium herbarum in 
every case brought about the destruction of hippuric acid. As 
one of the reaction by-products he identified ammonia, but in 
no case did he state in how great quantities the ammonia was 
formed. Reed (’13) found that an enzyme powder prepared 
from Glomerella rufomaculans showed the presence of hip- 
puricase after incubation for one week. 

In 1913 Dox and Neidig applied Sorensen’s formaldehyde- 
titration method for the determination of the acidity of amino 
acids to the hippuric acid hydrolysis. The method is founded 
on the reaction between formaldehyde and the primary amino 
group. Hippuric acid has no primary amino group, but after 
hydrolysis the primary amino group of the glycocoll split off 
may be neutralized with formaldehyde, leaving the carboxyl 
unchanged to be titrated against an alkali. In this case Dox 
and Neidig used N/10 Ba(OH):2. They grew cultures of As- 
pergillus niger, A. clavatus, A. fumigatus, Penicillium ez- 
pansum, P. Roqueforti, and P. Camemberti on a nutrient solu- 
tion. The cultures were grown for 1, 2, 3, and 4 weeks, the 
juice pressed out after grinding the mycelium and used as an 
enzyme preparation. In all of these fungi hippuricase was 
found, as well as in taka-diastase (Aspergillus Oryzae). The 
age of the mycelium had little influence on the production of 
hippuricase. Titrations for free ammonia showed that in the 
cultures 3 and 4 weeks old there were slight amounts, if any, 
of ammonia, and a secondary reaction, or the splitting of 
glycocoll, is improbable. 

Our experiments with the meal from the mycelial and sporo- 
phoral tissues of Lenzites were carried out in the same way 
as those described by Dox (’10). Fifty eubic-centimeter quan- 
tities of the substrate were used, and the flasks were incubated 























1916) 
ZELLER—PHYSIOLOGY OF LENZITES SAEPIARIA 493 


at 25°C. for 2 weeks. After this period the benzoic acid was 
dissolved out with petroleum ether, dried, and then recrystal- 
lized from water. From 50 cc. of a 1 per cent solution of hip- 
puric acid were obtained 0.24 grams of benzoic acid, or there 
was 65 per cent hydrolysis. The melting point was found to 
be 126°C. Since the melting point of hippuric acid is 187°C. 
and that of benzoic acid is 121°C., this was regarded as evi- 
dence that the crystals were benzoic acid. 


NUCLEASE 


The presence of nuclease has been demonstrated in various 
divisions of the plant kingdom. It performs an important 
function in decomposing the nucleic acids of plant cells, espe- 
cially in germinating seeds or wherever dissimilation is car- 
ried on. In the fungi nuclease has been found both in the 
lower and higher forms. Iwanoff (’03) studied the effect of 
cultures and enzyme extracts of Aspergillus niger and Peni- 
cillium glaucum on nucleic acid, and observed that both species 
produced the purin bases and phosphoric acid in the sub- 
strate. He claims that the nuclease is distinct from the pro- 
teolytic enzymes, for his enzyme extract would not liquefy 
gelatin. Dox (’10) found that the nuclease of Penicillium 
Camemberti is formed irrespective of the presence of nucleic 
acid in the culture medium. Kikkoji (’07) expressed the juice 
from an agaric, Cortinellus edodes, and 25 ce. of this in 150 cc. 
of a 2% per cent solution of the sodium salt of nucleic acid 
produced 28.7 mg. of phosphorus pentoxide in 5 days’ diges- 
tion. He considered this action due to nuclease, the juice 
being thermolabile. 

In my work with Lenzites saepiaria a 1 per cent solution of 
phyto-nuclein from yeast was prepared by dissolving the 
phyto-nuclein in N/20 sodium hydroxide and then neutraliz- 
ing. To 25 ce. of this solution 5 cc. of the enzyme dispersion 
were added with toluol as an antiseptic. Controls were set 
up by adding 5 cc. of autoclaved dispersion to the nuclein 
solution, and water controls made by adding 5 ce. of distilled 
water to the nuclein. This plan was followed both for mycelial 
and sporophoral dispersions. The flasks were incubated at 
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25-30°C. for 21 days, after which they were titrated for phos- 
phoric acid which was calculated as phosphorus pentoxide 
according to the uranium acetate method described by Hawk 
(712, p. 413). One cubic centimeter of the solution of uranium 
acetate used was calculated to be equivalent to 4.65 mg. of 
phosphorus pentoxide. Two cubic centimeters of a solution 
of sodium acetate were added to 10 ce. of the filtered sub- 
strate to be titrated. This was brought to a boil and titrated 











TABLE XIV 
NUCLEASE ACTIVITY IN LENZITES SAEPIARIA 
. : Free H,PO, as P,O Net P,O, in 25 ce. 

Amount of enzyme dispersion eae " Md 

used with 25 cc. of 1 per cent after 21 days of substrate 

nuclein Mycelium | Sporophore | Mycelium | Sporophore 
5 cc. enzyme dispersion. ........ 40.11 | 59.31 28.49 | 37.83 
5 cc. e dispersion (auto- 

| GEER RUA erat 11.62 Be epee Be 
5 cc. distilled water............. 9.89 Ee: Berm, ag eee NF. 

















while hot. Potassium ferrocyanide was used as an indicator. 
Table x1v shows the results of these experiments, the figures 
given being the averages of duplicate experiments which were 
run in all cases. 

These results demonstrate the presence of nuclease both in 
the mycelial and sporophoral tissues of Lenzites saepiaria. 
However, no quantitative comparison can be drawn, for the 
mycelial dispersion was made from the mycelial mat in saw- 
dust. Compared with the results obtained by Kikkoji, the 
sporophoral dispersion is not so active as that in Cortinellus. 
This may be due to the fact that he used a more concentrated 
substrate and the juice of the fresh fungus direct. 

The fact that phyto-nuclein, an alpha-nucleoprotein, was 
used as a substrate, and that this was broken down to phos- 
phoric acid is a definite control on our results illustrating 
tryptic enzymes. The nucleoprotein must first be broken down 
by a nucleinase, which, according to the consensus of opinion, 
is a tryptic ferment. It is only after this enzyme has acted 
that the nucleic acid is free to be acted upon by nuclease. 
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Proteolytic enzymes have been commonly demonstrated in 
the filamentous fungi, especially Aspergillus and Penicillium, 
but in the higher forms they are not.so well known. The first 
to discover protein-digesting enzymes in the Basidiomycetes 
were Bourquelot and Hérissey (’95) who found that pieces of 
the white of an egg, which had been cooked for 10 minutes 
on a water bath, were changed when placed in the juice ex- 
pressed from sporophores of Polyporus sulphureus. The solu- 
tion gave a slight biuret reaction after incubating at 29-30°C. 
for 21 hours. Hjort (’96) found in the sap from the sporo- 
phores of Pleurotus ostreatus a tryptic ferment capable of 
digesting fibrin. It worked best in acid solutions and pro- 
duced leucin, tyrosin, and tryptophan. The naturally acid 
watery extract of the sporophores of P. sulphureus readily 
digested fibrin, but if neutralized or made alkaline it did not 
act at all. The expressed juice, weakly acidified with hydro- 
chloric acid or oxalic acid, digested fibrin as well as the 
original extract alone. After 12 hours of digestion the action 
was carried to peptones only. There were no amino acids 
present. 

In 1898 Bourquelot and Hérissey investigated the same 
action of the expressed juice of the sporophores of Amanita 
muscaria, and found it to digest nearly all of the caseinogen 
of skimmed milk in 4 days, after which tyrosin was present 
in the solution. Kohnstamm (’01) investigated the proteases 
of Armillaria mellea, Merulius lacrymans, and Polyporus 
squamosus. The expressed juice from the sporophores of 
Armillaria mellea liquefied neutral thymol-gelatin to the ex- 
tent of 1 mm. in depth in 10 days. The gelatin tubes were 
8 mm. in diameter. Both the mycelium and sporophores of 
Merulius lacrymans were used. The juice from both was 
equally active in liquefying gelatin, about 8 mm. in 10 days 
or equivalent to 0.6 cc. The active principle is thermolabile. 
In a 0.2 per cent solution of hydrochloric acid the extract 
digested fibrin to peptone but not to amino acids, while in 0.2 
per cent sodium carbonate solution there was no digestion of 
fibrin. The juice of sporophores of P. squamosus, collected 
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in January and March, liquefied gelatin at the rate of 1 mm. 
per day for 30 days. There was the same action on fibrin as 
related above for Merulius lacrymans. 


Vines (’03) found by allowing crushed sporophoral tissue 
of Agaricus campestris to act on fibrin for 22 hours that there 
was a complete digestion to amino acids, i.e., the tissue is able 
to peptonize fibrin and digest the peptones. Delezenne and 
Mouton (03, ’03*), a little later in the same year, secured 
widely different results. From the dried fruiting bodies of 
Agaricus campestris, Amanita muscaria, A. citrina, and 
Hypholoma fasciculare they made extracts with 0.8 per cent 
sodium chloride, using chloroform or toluol as antiseptics. 
The extracts thus prepared from all of these species converted 
peptone to amino acids, digested gelatin and casein, but would 
not peptonize fibrin. These results of Delezenne and Mouton 
seemed so contradictory to the observations of previous 
workers that Vines (’04) made further experiments to test 
their accuracy. 

For this work the ground pulp of the sporophores of 
Agaricus campestris, with the lamellae removed, was used. 
Providing the sporophores were mature the digestion of fibrin 
was evident. However, when a watery extract of the pilei 
was used the results were less certain, but in other experi- 
ments Vines found that extracts made with 2 per cent sodium 
chloride from fresh and dried sporophores actively digested 
fibrin in 1 per cent toluol or 0.2 per cent hydrocyanic acid. 
Since he found that boiled fibrin was not digested by these 
extracts, he suggests that the negative results of Delezenne 
and Mouton must be due to this error. Thus the extracts of 
A. campestris, prepared by Vines, contained an enzyme cap- 
able of peptonizing fibrin and converting the peptones and 
albumoses to amino acids. From this he concludes that there 
are two distinct proteases present, the one trypsin, the other 
erepsin. 

Buller, in 1906, confirmed the results obtained by Kohn- 
stamm in 1901 on the presence of proteases in the sporophores 
of P. squamosus. Kikkoji (’07) demonstrated the presence 
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of a protease in the sporophores of Cortinellus edodes. It 
acted in neutral or alkaline solutions. 

Rumbold (’08), in cultural studies on various wood-destroy- 
ing fungi, investigated the action of 13 of them on gelatin of 
the following constitution: 2} per cent Liebig’s beef extract; 
23 per cent malt extract; 10 per cent gelatin. The reaction 
was adjusted in one lot by use of sodium carbonate and in an- 
other by the use of sodium hydroxide. She found that L. 
saepiaria was the only one to liquefy gelatin, and this only 
when sodium carbonate was used to readjust the reaction of 
the medium. 


Experiments were conducted using various substrates such 
as gelatin, albumin, casein, legumin, peptone, and fibrin. The 
enzyme preparations and fungous meal were used in some 
cases, while in others the growing fungus was utilized. 


Action on gelatin.—A 10 per cent gelatin was prepared in 
the same way as that used by Rumbold (’08), cited above. The 
reaction was adjusted with sodium carbonate and sodium 
hydroxide, and poured plates prepared and inoculated with 
mycelium of Lenzites. After a growth of 4 days a circle of 
gelatin 1.2 cm. in diameter was liquefied in the region of the 
inoculum, but this only in those plates neutralized with sodium 
carbonate, while there was no liquefaction in those neutralized 
with sodium hydroxide. In the latter the mycelium had pen- 
etrated the gelatin to some extent. Gelatin in the form of 
Mett’s tubes was digested by the enzyme dispersion of the 
mycelium, but sodium hydroxide did not show the same in- 
hibiting effect as mentioned above. Negative results were 
obtained with the sporophoral dispersion. These results are 
quite in accord with experiments of other workers who have 
investigated the influence of the reaction of the medium on 
the growth of timber-destroying fungi. In this case the 
results suggest that there is an effect of alkalis on the metab- 
olism of the fungus, i. e., that the secretion of proteolytic 
enzymes by the living organism is checked by the toxic effect 
of such active alkalis as sodium hydroxide, but when once 
excreted they have no inhibitory effect on the enzyme action. 
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Action on albumin, casein, legumin, and peptone.—The pro- 
teolytic action of the enzymes of the sporophoral and mycelial 
dispersions was tested by means of various substrates, under 
acid, alkaline, and neutral conditions. One per cent solutions 
of albumin, casein as such, as well as in the form of com- 
mercial ‘‘nutrose,’? legumin, and peptone were prepared. 
Casein and legumin were dissolved in N/10 NaOH. Albumin 
was also used in the form of Mett’s tubes. 

To determine the tryptic action the biuret test was em- 
ployed. In testing for peptone by the biuret test it is neces- 
sary to get rid of the native proteins, since these give a 
purplish blue coloration with alkaline copper sulphate, the 
purple blinding the fainter pink test for peptone. In order 
to do this ammonium sulphate is usually added in crystalline 
form to precipitate the higher proteins. The precipitate, 
however, is generally in such finely divided particles that it 
will not filter out with the filter papers commonly used. To 
overcome this difficulty the solution was filtered through bone 
black to remove the precipitate. The question arose whether 
the bone black might not absorb the peptone, and tests were 
made as follows: To a few cubic centimeters of 1 per cent 
casein solution was added a small bit of Witte peptone. 
Crystals of ammonium sulphate were added to precipitate the 
casein. After filtering through bone black the clear filtrate 
gave a pink color with sodium hydroxide and dilute copper 
sulphate. 

The tryptophan test was employed in testing for the action 
of erepsin. Wherever a test for tryptophan was given, higher 
proteins being used as a substrate, there was a demonstration 
of tryptic action as well. The tryptophan test is the produc- 
tion of a pink color after the addition of a few drops of glacial 
acetic acid and then a few drops of strong chlorine water. 

Experiments were set up using 10-cc. portions of the above- 
mentioned substrates in tubes. Two cubic centimeters of the 
enzyme dispersions were added to each tube, except the water 
controls. Toluol was used as an antiseptic. Each substrate 
was set up in series of neutral, acid, and alkaline cultures, 
the acidity and alkalinity being approximately N/200. 
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Where casein, legumin, and albumin were used as substrates 
there was no indication of digestion in either the mycelial or 
sporophoral dispersion. In no case was there positive proof 
of peptonization. Peptone, however, was peptolyzed in 
neutral, alkaline, and acid solutions. If any distinction can 
be made there was stronger indication of tryptophan in the 
acid and alkaline solutions than in neutral. Quantitative de- 
terminations were not made. 


Action on fibrin—The digestion of fibrin was determined 
by using the method described by Reed (’13). Fibrin was 
stained in 1 per cent Congo red, and the color fixed by im- 
mersion in hot water. When such fibrin is acted on by trypsin 
the red color is liberated into the solution. With this colored 
fibrin in water as a substrate, negative results were obtained 
with the mycelial and sporophoral dispersions. Toluol was 
used as an antiseptic. Another series of tubes was set up, 
using 6 grams of mycelial meal in 10 cc. of water and the 
colored fibrin as a substrate. In this case potassium cyanide 
was used as an antiseptic, and the results were positive. The 
color value in this case was difficult to judge, however, on 
account of the brown color imparted to the solution by the 


sawdust meal, but the tryptophan test confirmed the color 
liberation. 


The question arose whether potassium cyanide is a better 
antiseptic than toluol, use of the first-mentioned having been 
recommended by Vines in certain cases. Later experiments 
were conducted, using the pure mycelium grown on carrot 
juice as a source of enzymes, while potassium cyanide, toluol, 
and thymol-chloroform were used as antiseptics. In this 
series pure fibrin in water was the substrate. In all of these 
except two, after digestion of two weeks, the tryptophan test 
was obtained, the exceptions being those of the autoclaved 
controls and water controls. The test was slightly more dis- 
tinct where potassium cyanide was used as an antiseptic. 

The results are sufficient to demonstrate the presence of 
both erepsin and trypsin in the mycelium, and at least erepsin 
in the sporophores of L. saepiaria. 
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RENNET 


The property possessed by the juice of certain plants of 
causing milk to coagulate was known as early as the sixteenth 
century, notably in the case of Galium verum. According to 
Green (’93), this plant is still in use at the present day for 
the coagulation of milk in cheese-making. Green, Oppen- 
heimer (’10), and Euler (’12) have comprehensively reviewed 
the literature on the occurrence of rennet in the higher 
plants. Oppenheimer (’10, p. 317) also lists certain bacteria, 
such as Bacillus amylobacter, B. mesentericus var. vulgatus, 
and B. prodigiosus, which cause the coagulation of milk. It 
has been observed by a few workers that rennet is present in 
certain fungi, especially Aspergillus and Penicillium (Oppen- 
heimer, p. 317). Buller (’06) found this enzyme to be very 
active in the juice from the sporophores of Polyporus squa- 
mosus, and Bayliss (’08) reports it for Polystictus versicolor. 
In fact, the existence of rennet in the Basidiomycetes is con- 
sidered general. Gerber (’09) has demonstrated its presence 
in 86 species. Of the wood-destroying forms, he examined 
Stereum purpureum Fr., Polyporus adustus Willd., P. betu- 
linus Bull., P. hispidus Bull, P. giganteus Pers., Trametes 
Bulliardi Fr., T. gibbosa Pers., T. suaveolens L., Daedalea 
borealis Wahlb., Hydnwm repandum L., Armillaria mellea 
Vahl, and Lycoperdon piriforme Schaeff. 

Our experiments show that rennet is present in both the 
mycelium and sporophores of L. saepiaria. After incubating 
at 25-30°C. for 3 hours the coagulum was formed by the 
mycelial dispersion, but it took 7 hours to form a coagulum 
in the sporophoral dispersion. There was no coagulation in 
the boiled or water control after 20 hours, the toluol keeping 
it antiseptic. The results show that the rennet is more active 
in the mycelium than in the sporophores. 

The biological importance of this enzyme in plants is en- 
tirely a mystery. There arises the supposition @ priori that 
one has to do here with some peculiar phase of protease 
activity, since in animal life the activity of rennin seems to 
be closely linked with the proteases of the gastric and pan- 
creatic juices. 




















ZELLER—PHYSIOLOGY OF LENZITES SAEPIARIA 501 


OXIDASE AND CATALASE 


Interest was first aroused concerning oxidases in higher 
fungi because of the discoloration of certain fungous tissues 
when exposed to the air. During the years 1895, ’96, and ’97 
many papers appeared by Bourquelot, Bertrand, Hérissey, et 
al., dealing with the oxidases in the higher fungi. They found 
that laccase was widely distributed in the Basidiomycetes, and 
in the case of Boletus cyanescens, the bluing of injured spots 
was due to the laccase acting with the oxygen of the air on 
the boletol present in the tissues. 

Bertrand (’96) showed that the crystalline chromogen in 
Russula, especially Russula nigricans, was tyrosin, and in the 
latter the tyrosin on exposure to the air was oxidized to 
melanin, a black substance. Tyrosinase in the tissues oxidized 
the tyrosin, causing the tissues to blacken. 

Lutz (’12), investigating the oxidases in the stipes and pilei 
of Gyromitra gigas and Disciotis perlata, found tyrosinase 
present in both species, but in both a more marked action in 
the caps than in the stipes. Euler (’08) carefully investigated 
the catalase of Boletus scaber. There seemed to be a rela- 
tion between the oil content of the fungus and the amount of 
catalase present, and the presence of a metal, like magnesium 
hydroxide, in the solution increased the catalytic action. 

The literature concerning the function of oxidases in plants 
has been amply considered by Clark (’11), who makes special 
mention of the relation of oxidases to chromogens in the 
higher fungi and their possible aid in the respiration process. 

In my experimental work on oxidases and catalase no quan- 
titative determinations were made. In some instances the 
enzyme dispersions were used, in others the fresh tissues. 
Clark’s (’10) methods were used, and guaiacum, alpha- 
naphthol, and paraphenylenediamine were used as indicators 
of oxidation. The mycelial extract was made from pure cul- 
tures of L. saepiaria grown on Thaxter’s potato-hard agar. 
Ten grams of fresh fungous mat were ground with sand and 
treated with 100 cc. of distilled water. This extract (5 drops 
in 5 cc. of H202) caused a rapid evolution of gas, showing the 
presence of catalase. The sporophoral meal showed much 
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greater activity than that of the mycelium. Some sporopho- 
ral enzyme dispersion, added to hydrogen peroxide in an 
evaporating dish, showed active evolution of oxygen, but the 
mycelial dispersion treated in the same way gave none. 

Oxidase action was shown by use of guaiacum and par- 
aphenylenediamine but not with alpha-naphthol. The ex- 
periments were set up in the following way, and each series 
in duplicate: To 5 cc. of the fresh fungous extract were 
added 5 drops of hydrogen peroxide and 10 drops of the indi- 
cator. With the guaiacum a faint blue tinge was produced in 
2 hours when the mycelial extract was used. When an extract 
from the dried sporophores was used in the same way the 
blue color was more distinct in 2 hours. The paraphenylene- 
diamine gave a brownish color in about 6 hours both in the 
sporophoral and mycelial extracts. 

Tyrosinase was demonstrated both in the sporophores and 
mycelium. The substrate used was a suspension of tyrosin 
in distilled water. To 10 cc. of this suspension 2 cc. of enzyme 
dispersion were added. There was no oxidation in the auto- 
claved controls, but in 16 hours the suspension containing 
mycelial dispersion had become a light gray, while that con- 
taining the sporophoral dispersion was a dark gray. Tyrosin 
when oxidized becomes black, but here where only partially 
oxidized it shows a gray color. The tyrosinase is more active 


in the fruiting bodies, as in the case of catalase and other 
oxidases. 


SuMMARY 


In this paper there are considered some of the more im- 
portant aspects of the physiology of a wood-destroying 
organism, Lenzites saepiaria. 

1. The fungus was grown in pure cultures, and the char- 
acteristics of the mycelium and sporophores produced under 
cultural conditions are described. 

2. Some factors influencing the growth and metabolism of 
the organism are discussed, and experimental results are 
given on the relations of the fungus to reaction of media, to 
water, and to oxygen. Special interest is attached to the in- 
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fluence of the resin content of the substratum on the growth 
of the fungus. A resin agar emulsion was prepared, and 
experimental data show that L. saepiaria will grow well on 
50 per cent resin by weight, which is considerably more than 
is found in any coniferous wood. Growth is not entirely in- 
hibited by 85 per cent resin. 

3. The metabolism of the fungus was studied through the 
agency of enzyme action. 


a. A standard method of extracting and isolating the 
enzymes was used, and enzyme preparations were made 
from vegetative and fruiting tissues. The methods com- 
monly used of identifying the enzymes were employed. 

b. Among the esterases, those acting on the esters of 
the lower fatty acids showed more active hydrolysis both 
in sporophoral and mycelial tissues than those acting on 
the neutral fats. 

c. In the carbohydrases, positive evidence was ob- | 
tained of the presence of maltase, invertase, raffinase, 
emulsin, tannase, diastase, inulinase, ligninase, cellulase, 
hemicellulase, and pectimase, while negative results were 
obtained for the presence of pectase and lactase. 

d. The cyto-hydrolyzing carbohydrases were made a 
special study, together with their effects as demonstrated 
by microchemical observations on sound and decayed 
wood. 

e. The action of amidase on asparagin and acetamid 
was practically negligible, while urease action was very 
decided when the fungous tissue was used instead of the 
enzyme preparations. The presence of hippuricase was 
also demonstrated. 

f. The following additional enzymes have also been 
found: nuclease, proteinases—both tryptic and ereptic— 
rennetase, oxidase, and catalase. 


4. A comparative study of the enzymes occurring in the 
sporophoral and mycelial tissues was made. As we would 
anticipate, this comparison shows that the important metab- 
olic processes are carried on in the vegetative organs. In- 
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deed, wherever quantitative results were obtained, or where 
a comparison can be accurately made, as in the case of 
diastase, mvertase, tannase, and cellulase, the greater activity 
is shown in the mycelium. An exception to this, however, is 
the oxidases, where the greater activity is in the sporophores, 
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EXPLANATION OF PLATE 
PLATE 8 
Figs. 1, 3, 4, 6, and 7. Sporophores of Lenzites saepiaria grow- 
ing on sawdust in pure culture, and showing the thelephoroid, daed- 
aloid, and irpiciform characters produced under cultural conditions. 


Fig. 2. Sporophores im situ on blocks of Pinus echinata in pure 
culture, 


Fig. 5. The lower surface of a = borne on a horizontal 
surface of a cultural block. The hymenium is borne on typical 
Lenzites gills. 

Figs. 8-12. Samples of pine after one year in culture under 
favorable moisture conditions, showing the typical internal decay. 


Figs. 13-17. Samples of pine showing the superficial “scorching” 
after one year in culture, during which time the blocks were sat- 
urated with water. 
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EXPLANATION OF PLATE 
PLATE 9 


To illustrate the growth of Lenzites saepiaria on resin agar plates 
in Petri dishes of uniform size in 14 days. 

Fig. 1. Control plate showing the growth on a Thaxter’s glucose- 
potato-hard agar containing no resin. 


Figs. 2-21. Showing the growth on 5-100 per cent resin agar, 
respectively (each plate increased by 5 per cent resin by weight), 
where Thaxter’s glucose-potato-hard agar was used as a basis. 
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GENERAL INDEX TO VOLUME III 


New scientific names of plants and the final members of new combinations are 


printed in bold face t, n 
or plates, in italic; and previous 
in ordinary type. 


3 Synon and page numbers having reference to figures 
vie ¥y published scientific names and all other matter, 





A 


Achorion Schénleinii, 268 

Acrostalagmus albus, 6 

Agrimonia, 309; americana, 313; Eupa- 
toria, 313, 315, 316, 317, var. ameri- 
cana, 317, var. glabra, 313, var. hir- 
suta, 313, var. mollis, 315, var. parvi- 

a, 313; gryposepala, 313; hirsuta, 

On microcarpa, 315; mollis, 316; 
parviflora, 317; parviflora, 313, 316; 
platyearpa, 315; polyphylla, 317; 
pubescens, 315; pumila, 315; ros- 
tellata, 313; serrifolia, 317; striata, 
313; suaveolens, 317 

Agrimonies, The Missouri, 309 

Alternaria sp., cultures of, 279, 281 

Amidases in Lenzites saepiaria, 489; in 
other fungi, 489 

Apparatus, a note on the adaptability 
of the Folin micro-Kjeldahl, for 
plant work, 407 

arachnoidea (Thelephora), 213 

argillaceus (Hypochnus) , 222 

Ascomycetes, 253, 271; temperature re- 
lations of the, 51 

Aspergillus, 253, 271; aviarius, 253, 
271; bronchialis, 254, 271; candidus, 
254, 271; flavescens, 254; flavus, 254, 
271; fontoynonti, 255, 271; fumi- 
gatus, 254, 271; glaucus, 255, 271; 
malignus, 256, 272; niger, nitrogen 
fixation in, 423, 430; nigrescens, 254; 
nigricans, 256, 272; repens, 256, 272; 
Tokelau, 256, 272 

atratum yrs sae aon 334 

atroruber (Hypochnus), 230 

atroruber (Zygodesmus), 230 

aurantiaca (Tomentella), 241 

aurantiacus (Hypochnus), 241 

avellaneus (Hypochnus), 225 

Azotobacter chroococcum, nit mn fixa- 
tion in, 423, 431; vinelandii, nitro- 
gen fixation in, 423, 431 


B 


Basidiomycetes, temperature relations 
of the, 53 
bicolor (Hypochnus), 229 
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bicolor (Zygodesmus), 227 

biennis (Thelephora), 213 

botryoides (H hnus), 226 

botryoides (Thelephora), 226 

Botryosporium, 22; pyramidale, 22 

Botrytis cinerea, 4 

Burt, E. A. Pistillaria (subg. Pistil- 
lina) Thaxteri, Burt n. sp., 403; 
The Thelephoraceae of North Amer- 
ica, VI, 203; VII, 319 

Bush, B. F. The Missouri agrimonies, 
309 

C 


Cabbage yellows, 25; and the relation 
of temperature to its occurrence, 25; 
causal organism of, 28; symptoms of, 
27 


canadensis (Hypochnus), 211 

canescens (Septobasidium), 342 

castaneum (Septobasidium), 330 

Catalase in Lenzites saepiaria, 501; in 
other fungi, 501 

Catalogue of the plants of Jasper 
County, Missouri, 345 

Cellulase in Lenzites saepiaria, 474; in 
other fungi, 471 

cervinus (Hypochnus), 232 

chlorochaites (Zygodesmus), 219 

Cineraria lyrata, 99 

cinerascens (Hypochnus), 233 

cirratum (Septobasidium), 334 

Claudopus ahubidiane, 195 

Coniophora, 204; arida, 222 

coriarius (Hypochnus), 228 

Corticium, 204; echinosporum, 237; 
ferrugineum, 208; fumosum, 239; 
fuscum, 215; isabellinum, 222; sul- 
phureum, 239; thelephoroides, 235; 
umbrinum, 213 

Cotton root rot, disease of, 11 
tococcus, 263, 272; Corsellii, 263; 

+ harem 263; farciminosus, 264; 

i 


_ Gilchristi, 264; of Gotti & Brazzola, 
263; uloma: , 264; hom- 
inis, 264; li ilosae, 264; litho- 


genes, 261, 265; niger, 265; Tokishi- 

gel, 265 s tumefaciens, 262 aa ee 
Cyto-hydrolyzing e es, 465; e 

of, on sound and decayed wood, 484 
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D 
Davis, A. R.: A note on the adaptabil- 
ity of the Folin micro-Kjeldahl ap- 


ratus for plant work, 407; - 
oe, B. M., and, Studies in the phat 
ology of the fungi. I, Nitrogen Fixa 
tion, 413 
Diastase in Lenzites saepiaria, 464; in 
other i, 464 
D , B. M.: Rhizoctonia Solani in 
tion to the rte x" and the 
“nemairanan ilz,” 1; Texas root 
rot fungus and its conidial stage, 11; 
and Davis, A. R., Studies in the phys- 
iology of the fungi. I, Nitrogen 
tion, 413 


E 


echinosporum (Corticium) , 237 
pg oe (Hypochnus), 237 
laeodes (Hypochnus), 218 

Emig, W. H. The occurrence in nature 
of certain yeast-like fungi with refer- 
ence to their possible pathogenicity in 
the higher animals, 24 

Emulsin in Lenzites saepiaria, 462; in 
other , 461 

Endomyces, 259; albicans, 259, 272; 
tropicalis, 260 

— activity in Lenzites saepiaria, 


e ie A 226 
amen a in Lenits saepiaria, 455; in 
other fungi, 45 


F 
ferruginea (Thelephora) , 208 


us), 207 
ferruginosa (Tomentellina) , 212 
ferruginosus (Hypochnus), 212 
fibrillosus (Hypochnus), 238 
flavovirens (Tomentella), 220 
floridana (Thelephora), 214 
Folin and Farmer, modification of Kjel- 
dahl method of nitrogen determina- 
_ by, 408; apparatus used in, 407, 


41 
Forster method of determining nitro- 


gen, 428 

frustulosa (Hymenochaete) , 337 
frustulosum ( idium), 337 
fuligineus (HF. us), 232 

us ( ypochnus), 228 
Setar dane sg ( no oe gel 
fumosum (Corticium), 239 
fumosus (Hypochnus), 239 
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Fungi: gill, New or interesting s 
of, from Missouri, 195; Stade in 
the physiology of the, I, ‘413, IT, 439; 
yeast-like, The occurrence in nature 
of ——— Pb reference to their 

ible pa ogenicit in the hi 
pan Tam a 26 : Be 
m 3, 272; tempera- 

ture ollie ¢ of the, 52 

Fusarium, 25; conglutinans, 28, field 
observations of, 56, host relations of, 
43, inoculation experiments with, 35, 
temperature relations of, 32, viru- 
lence of cultures of, 39; orthoceras, 30 

fusca (Odontia), 239 

fusca (Thelephora), 215 

fusca (Tomentella), 215 

fuscata (Hypochnopsis) , 213 

fuscatus (Hypochnus) , 213 

fuscum (Corticwwm), 215 

fuscus (Hypochnus), 215 


G 


Gill fungi, New or interesting species 
of, from Missouri, 195 

Gilman, J.C. Cabbage yellows and the 
relation of temperature to its occur- 
rence, 25 

Glenospora, 270, 272; pe sa 270, 272 

Glomerella Gossypii i, nitrogen fixation 
in, 424, 431 

Grandinia, 204; coriaria, 228; tabacina, 
218 


granosa (Thelephora), 227 
granosus (Hypochnus), 227 


pare: acngh (i hnus), 218 

granulosus YY eres: 218 

Greenman, J. A new Senecio from 
Jamaica, 201; Monograph of the 


North and Central American Species 
of the genus Senecio—Part II, 85 
Gymnoascaceae, 267 


H 


Hemicellulase in Lenzites saepiaria, 479 
Hippuricase in Lenzites saepiaria, 492; 
other f , 491 
ses (Pistilli 
ymenochaete frust 
amend the smallest known, 408 
Hypochnus, 203; ar 
atroruber, 230; aurantiacus, 241; 
avellaneus, 225; bicolor, 229; bo- 
tryoides, 226; promos omg cer 
vinus, 232; cinerascens, 233; cori- 
arius, 228; echinosporus, 237; 
elaeodes, 218; epigaeus, 226; ferru- 
meus, 207; ferruginosus, 212; 
brillosus, 238; fuligineus, 232: 
fulvo-cinctus, 228; fumosus, 239; 
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fuscatus, 213; fuscus, 215; granosus, 
927; granulosus, 218; isabellinus, 
222; leprosus, 223; obscuratus, 216; 
olivascens, 220; pannosus, 223; 
peniophoroides, 234; piiosus, 221; 
rubiginosus, 209; sitnensis, 213; 
sparsus, 225; spiniferus, 218; 
spongiosus, 216; subferrugineus, 
210; subvinosus, 231; tabacinus, 
218; thelephoroides, 235; tristis, 
213; umbrinus, 213; zygodesmoides, 
236 

Hypochnopsis fuscata, 213 


I 


Inulinase in Lenzites saepiaria, 488; in 
other plants, 488 

Invertase in Lenzites saepiaria, 459 

isabellinum (Corticium) , 222 

isabellinus (Hypochnus), 222 


J 
jamaicaense Catteni , 333 
vf 


Jasper County, Missouri, description of, 
349; plants of, 359 
Jola, 319 
K 


Kjeldahl method of determining nitro- 
gen, the Folin modification of the 
original, 407 


L 


Lactase in Lenzites saepiaria, 458 

Langloisii (Septobasidium) , 335 

Lenzites saepiaria Fries, 439; growth 
of, on resin agar plates, 512; pine 
blocks decayed by, 510; sporophores 
of, 510 . —_ reference to 
enzyme activity, 

Leprieurit (Septobosidium), 332 

Lepidophyton, 257 

leprosus (Hypochnus) , 223 

Ligninase in Lenzites saepiaria, 469; 

other fungi, 466 
lilacinum (Septobasidium), 343 


M 


Macro-Kjeldah] method of determining 
eet 410, 426 
osporium commune, nitrogen fixa- 
tion = 423, 430 
Maltase in Lenzites saepiaria, 457 
ets cy ae 2 
“Mopopilz” and the “vermehrungspilz,” 
Rhioctonia Solani in relation to the, 
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Mortierella, 253, 271 

Mucor, 250, 270; cornealis, 250, 270; 
corymbifer, 250, 270; Mucedo, 251, 
271; parasiticus, 251, 271; pusillus, 
252, 271; racemosus, 252, 271; ra- 
mosus, 252, 271; jeri, 251, 271; 
septatus, 252, 271; chisi, 251, 271 


N 


Nitrogen fixation, 413; methods of de- 
termining amount of, 426; organisms 
used in experiments in, 423; resuits 
of experiments in, 429 

Nuclease in Lenzites saepiaria, 493; in 
other fungi, 493 


O 


obscuratus (Hypochnus), 216 

—* 204; fusca, 239; porriginis, 
268 

olivacea B botryoides (Thelephora) , 226 

olivascens (Hypochnus), 220 

olivascens (Zygodesmus), 221 

— — 272; bee en > 
gualis, 265; rriginis, 3 pul- 
monalis, 266; — culture of, 281; 
tonsurans, 268; of Trichophyton, 267 

Otomyces purpureus, 256 

Overholts, L. O. New or interesting 
— of gill fungi from Missouri, 
195 


Oxidases in Lenzites saepiaria, 501; in 
other fungi, 501 

Ozonium, 11; auricomum, 11; omni- 
vorum, 11 


P 
Palmer, E. J. eS the plants 
of Jasper County, Missouri, 345 


Panaeolus reticulatus, 195, 200; rufus, 
196, 200 ; variabilis, 197, 200 

pannosus (Hypochnus), 223 

pannosus (Zygodesmus) , 223 

Patouillardii (Septobasidium), 332 

Pectase in Lenzites saepiaria, 483; in 
other fungi, 481 

Pectinase in Lenzites saepiaria, 483; in 
other i, 481 

pedicellata (Thelephora), 323, 324, 327 

icellatum (Septobasidium), 323 

enicillium digitatum, nitrogen fixation 
in, 423, 431; jum, nitrogen fixa- 
tion in, 423, 43 

pean + oe Sn (Hypochnus) 234 

peniophoroides us 

Phlebia 239 


vaga, 
Phoma, Betae, nitrogen fixation in, 423, 
431 
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Phycomycetes, 250, 270; temperature 
relations of the, 49 

Phymatotrichum, 22; omnivorum, 22, 
host plants of, 12, mycelium of, 18; 
pyramidale, 22 

pilosus (Hypochnus), 221 

Pinus echinata, 453; palustris, 453; 

453 


Pistillaria Thaxteri, 406 

Pistillina hyalina, 405 

plumbea (Sebacina), 241 

plumbescens (Sebacina), 241 

Pluteus cervinus var. caespitosus, 199, 
200 

Protease in Lenzites saepiaria, 497; in 
other fungi, 495 

pseudopedicellatum (Septobasidium), 
327 


punicea (Thelephora), 229 


R 


Raffinase in Lenzites saepiaria, 460; in 
other fungi, 461 


Rennet in ites saepiaria, 500; in 
other plants, 500 
retiforme (Septobasidium), 338 


retiformis (Thelephora) , 338 

Rhinotrichum, 22 

Rhizoctonia Solani in relation to the 
“mopopilz” and the “vermehrungs- 
pilz,” 1 

Rhizomucor parasiticus, 251; septatus, 
252 

Rhizopus, 253, 271; Cohnii, 253, 271; 
niger, 253, 271; nigricans, 252, 271 

rubiginosa (Tomentella), 209 

rubiginosus (Hypochnus), 209 

rubiginosus (Zygodesmus), 209 


Ss 


Saccharomyces, 257 ; inae, 257, 272; 
cerevisiae, culture of, 284; granu- 
latus, 258, 272 sagen * 

Saccharom is, 258, ; guttulatus, 
258, 72 

Schizomycetes, temperature relations 
of the, 49 

Schweinitzii (Septohasidium), 324 

Sclerotinia, 5 

Sebacina plumbea, 241; plumbescens, 

1 


24 
Senecio, A new, from Jamaica, 201; 
Monograph of the North and Central 
pag Species of the genus—Part 
Senecio, 85; acutidens, 178; Adamsi, 
172; anacletus, 183, 192; aquari- 
ensis, 144; auleticus, 102; aureus, 
119, var. gracilis, 128, var. semi- 
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cordatus, 129; aureus, 91, 129, var, 
angustifolius, 155, var. Balsamitae, 
130, 149, 155, 159, > X Balsamitae, 
129, var. borealis, 91, 96, 170, 174, 179, 
var. compactus, 179, var. croceus, 
142, 144, 173, var. discoidea, 113, 
var. discoideus, 91, 96, var. lanceo- 
latus, 130, var. obovatus, 108, 174, 
var. pauciflorus, 91, var. subnudus, 
103; balsamitae, 148; Balsamitae, 
155, 159, 167, var. Orawfordii, 139, 
var. praelongus, 159; Burkei, 136; 
camporum, 149; Cardamine, 116; 
compactus, 179; condensatus, 179; 


_ conterminus, 101; Crawfordii, 139; 


crocatus, 141, var. Wolfii, 143; cro- 
catus, 145; cyclophyllus, 117; cym- 
balarioides, 174, var. borealis, 177, 
var. streptanthifolius, 177; cym- 
balarioides, 104, 173, 178, var. diver- 
silobus, 171; debilis, 96; densus, 179; 
dimorphophyllus, 144; discoideus, 90, 
91, 97; Harlei, 155; Elliottii, 108; 
elongatus, 91, 113; Farriae, 146; 
fastigiatus, 119; fedifolius, 90; 
Fernaldii, 90; flavovirens, 167, var. 
thomsoniensis, 169; flavovirens, 96; 
flavulus, 147, 167; fulgens, 167; 
gaspensis, 138; Grayii, 107; Harti- 
anus, 147; hesperis, 102; hesperius, 
102, 190 ; heterodowus, 144; Hollickii, 
201; pe er 98; hyperborealis 
var. umbiensis, 100; idahoensis, 
96; indecorus, 91; Jonesii, 173; laeti- 
florus, .170; Lemberti, 91; Lind- 

imeri, 114; longipetiolatus, 142; 
Lyallii, 101; manitobensis, 179; Mem- 
mingeri, 155; Metcalfei, 179; micro- 
dontus, 183; multnomensis, 169; mu- 
tabilis, 179; nephrophyllus, 97; New- 
combei, 103; oblanceolaius, 179; 
obovatus, 108, var. divisifolius, 112, 
var. elongatus, 113, var. rotundus, 
114, var. umbratilis, 115; obtusatus, 
108; ovinus, 100; Pammelii, 118; 
paucifiorus, 91, var. fallax, 95; 

uperculus, 159, var. firmifolius, 
66; plattensis, 148; platylobus, 141; 
Porteri, 106; prionophyllus, 140; 
pseudaureus, 132, var. flavulus, 136; 
pseudotomentosus, 149; pyroloides, 
102; pyrrhochrous, 142; quaerens, 
140; quebradensis, 117; remifolius, 
179; renifolius, 106; resedifolius, 99, 
var. columbiensis, 100; resedifolius, 
98, 100; Robbinsii, 130; Rosei, 105, 
190; rotundifolius, 119; rotundus, 
114; rubricaulis, 173; var. apha- 
nactis, 174; Rydbergii, 167; semt- 
cordatus, 129; Smallii, 155; Solda- 
nella, 107; suavis, 179; subcuneatus, 
174; subnudus, 103; Suksdorfii, 172; 
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INDEX 


Swartzii, 201; toluccanus, 186, 194, 
var. modestus, 188; Toluccanus var. 
microdontus, 183; Tracyi, 142; _tri- 
denticulatus, 179; tussilaginoides, 
119; Wardii, 183, 190; Willingii, 
154; Wooton, 183 

Septobasidium, 319; atratum, 334; can- 
escens, 342; castaneum, 330; cir- 
ratum, 334; frustulosum, 337; fumi- 
gatum, 340; jamaicaense, 333; Lang- 
loisii, 335; Lepriewrii, 332; lila- 
cinum, 343; Patouillardii, 332; ped- 
icellatum, 323; pseudopedicellatum, 
327; retiforme, 338; Schweinitzii, 
324; Spongia, 339; sublilacinum, 
331; tropicale, 326 

sitnensis (Hypochnus), 213 

sparsus wag sane nh 225 

spiniferus ( nus), 218 

Spongia (Septobasidium), 339 

Spongia (Thelephora), 339 

spongiosa (Thelephora), 216 

spongiosus (H. hnus), 216 

Sporotrichum, 268, 272; (Microsporon ) 
Audouini, 266, 268; Furfur, 269; 
minutissimum, 269 

Sterigmatocystis, 257, 272; nigra, 257, 
272; pseudonigra, 257 : 

Studies in the physiology of the fungi. 
I, Nitrogen Fixation, 413; II, Len- 
zites saepiaria, with special reference 
to enzyme activity, 439 

subferrugineus (Hypochnus), 210 

sublilacina (Thelephora), 331 

sublilacinum (Septobasidium), 331 

subvinosus (Hypochnus), 231 

sulphureum (Corticium), 239 


2 


tabacinus (Hypochnus), 218 

Tannase in Lenzites saepiaria, 463; in 
other fungi, 463 

Temperature, the relation of: to the 
occurrence of cabbage yellows, 32; to 
the Ascomycetes, 51; to the Ba- 
sidiomycetes, 53; to the Fungi Im- 
perfecti, 52; to the Phycomycetes, 
49; to the Schizomycetes, 49 

Texas root rot fungus and its conidial 
stage, The, 11 

Thaxteri (Pistillaria), 406 

Thelephora, 204; arachnoidea, 213; 
biennis, 213; botryoides, 226; ferru- 
ginea, 208; floridana, 214; fusca, 
215; granosa, 227; olivacea p T. 
botryoides, 226; pedicellata, 323, 324, 
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327; punicea, 229; retiformis, 338; 
Spongia, 339; spongiosa, 216; sub- 
lilacina, 331; uwmbrina, 213; vinosa, 
215; zygodesmoides, 236 

Thelephoraceae of North America, The, 
VI, 203; VII, 319 

Toile, maladie de la, 4 

Tomentella flavovirens, 220 

Tomentella, 203; awrantiaca, 241; cin- 
erascens, 233; ferruginea, 208; fusca, 
215; rubiginosa, 209; tristis, 213 

Tomentellina, 203; ferruginosa, 212 

Torula neoformans, 261; sp., cultures 
of, 275, 281 

tristis (Hypochnus), 213 

tristis (Tomentella), 213 

tropicale (Septobasidium) , 326 


U 


umbrina (Thelephora), 213 

umbrinum (Corticium), 213 

umbrinus (Hypochnus), 213 

Urease in Lenzites saepiaria, 489; in 
other fungi, 489 


V 


vaga (Phlebia), 239 

“Vermehrungspilz” and the “mopopilz,” 
the relation of Rhizoctonia Solani to 
the, 1 

Verticillium Graphii, 270 

vinosa (Thelephora), 215 


Y 


Yeast-like fungi, The occurrence in 
nature of certain, with reference to 
their possible pathogenicity in the 
higher animals, 243 


Z 


Zeller, S. M. Studies in the physiology 
of the fungi. II, Lenzites saepiaria 
Fries, with special reference to 

enzyme activity, 439 

Zygodesmus, 204; atroruber, 230; bi- 
color, 227; chlorochaites, 219; granu- 
losus, 218; olivascens, 221; pannosus, 
223; rubiginosus, 209, 211 

zygodesmoides (Hypochnus), 236 

zygodesmoides (Thelephora) , 236 


